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EXECUTIVE SUMMARY: Seventh Annual Workshop on
Mt'teorologieal and Environmental Inputs

to Aviation Systems
i_ 26-28 October 1983, TullMloma, Tennessee

Dennis W. Camp mad Walter Frost

i INTI{ODIICTION

There have been seven workshops, the first in tewh'd to direct the worksh,p iu th,, desired area
March 1977 and the last in Octoher 1983, concern- of effort. Tht,se interactiw, committee sc_ions ar_,

in_ the subject of meteorological and environmen- considered to be a major eh,ment contributing to
tal inputs to aT,at,on systems. These workshops the success of the annual workshops.
have served a twofold purpose for the sponsoring
organi_.ations (NASA, FAA, NOAA, DOD, and ,m ,. ,._..,,._ ,.m..--m._,

OFCM). Their first purpose was to bring together ,,-. msm.. ram,.,_,-.
the vat,otto disciplines of the aviation community _"_,=t_"c"ht"_..,,_,.,,.,.,,_ ,. _..,_._._
with atmospheric scientisgs and meteorologists in t. ,.,,,._,.,n_. ,,,,.._. t. ,,.,,., ,,.,(llNtl-gllmN, ell_II_p _ HIlllte) I. II glectrl;lV lU gilMlllq

interactive discussions. From these discussions, '. _I_I-c_,,.,,wN. ,_.,- ,. ,_,,,,,,,,,._.,,.t.-_.,
an effort was made to establish and identify the 4. u,l,_,j,,,,j,,, i. ,m_lq,,.,_._._m,._m
weather needs of the community and how to sat- ,. _,,m,,_.,, n..._
isfy these needs. Their second purpose was to use

'- the established and identified needs to develop rec- The type of information desired from the interac-

_i _ ommendations that serve as a basis for structuring tire committee sessions was" What was the effect
relevant programs of the sponsoring agencies. An of the particular sub_ect area (Floating Commit-

i. indication of how well the purpose of these work- tee Title) on the operation of the various segments
_-.. shops has been achieved is given in the various (Fixed Committee Title) of the aviation commu-

reports, papers, and presentations that have been nity? Each of the committees was asked to focus

made on the workshops (Camp and Frost, 1977, its discussion according to the committee guide-
- 1979, 1981, 1984; Frost and Camp, 1978, 1980, lines given in Table 2.

_, 1982, 1983; Frost, et al. 1979a, 1979b; and Camp,

et al. 1980a, 1980b, 1981) [1-13]. Due to the coy- The worI'shop began with a series of overview pa-
erage of the previous workshops, this article will pers addressing such factors as Implementation
be concerned only with the results (recommenda- of the National Airspace System Plan (NASP),
tions) of the seventh workshop. Airspace Users' Requirements, and other related

subjects that set the tempo of the interactive corn-

WORKSHOP STRUCTURE AND OPERATION mittee sessions. Papers on previous workshop ac-
complishments, interactive weather displays, and

The b_ic objective of all the workshops has been impromptu tasks were also given. These also help

and is to satisfy the needs of the sponsoring agen- to set the tempo in the vein of the workshop theme, _ _. -_
eies relative to such factors as: 1) Know!edge of as did the banquet and dinner presentations.
the interaction of the atmosphere with aircraft and '_

airport operators; 2) Better definition and imple- The structure (program) of this workshop was very
mentation of meteorological services for the oper- similar to previous workshops. It began with the
ators; and 3) The collection and interpretation overview presentations, followed in order by in-
of data for establishing operational criteria relat- terartive committee sessions, banquet, impromptu
ing the total meteorological inputs from the atmo- presentations, more interactive committee sessions,
spheric sciences to the operational and educational dinner presentation, more interactive committee

needs of the aviation community, sessions, and a conclusion with a plenary session
consisting of the committee chairmen presenting

The specific theme of each workshop gives an in- the results and recommendations of their commit.
sight into its particular focus. _Atmosph_ric En- tees.
vironmental Data/Commtmieations and Applica-

tions" was the theme for the Seventh Annual Work- COMMENTS AND RECOMMENDATIONS
shop on Meteorological and Environmental Inputs

" _o Aviation Systems. This workshop theme, cou- At this workshop, the committee chairmen were i
pied with the focusing of the interactive commit- requested to use a special procedure (form) for
tees, ace_rding t,_ the committee titles (Table 1), reporting their comments and recommendations.

I'P,ECEDING PAGE BLANK NOT F'_LMRD 3 i ',,

00000001-TSA09



4

;i

113 t Specifically, they were asked t,,*give the results of cations Addressing and Relmrting System (AS-
-_;- their efforts in the following order: 1) state ns con- DAR/ ACAf/S).

::_!_: cisely as possible the ismw; 2) briefly mlmmarize
_'_ the dit_cu, si_:mof the ismw; 3) state recommends- DIS(;IISSION: Pr.file data obtained on ns_ent

ties action; 4) indicate wh. should be responsi- (de.cent} would intpr.w, t_.r.minal forecasts andhie for twemnplishing any required _.ffort; anti 5) warnings thun,h,rst,Jrms, wind shear, turhulence,
:::_ q..cify the priority of issues discussed, and low cloud and fog. Accurate hJw-h'vei wind

_ mad temperature data at frequents heights and time
_:_ The committees at this workshop stated 77 issues
7_i intervals would improve short-range forecasting for(recommendations); of these, there w_ an indi-.4_.__ low cloud and fog (thickness, time of onset, dissi-
_t. cation that 39 were in a high-priority category, patios, t.tc.). Other parameters, huch as humidity. r

_ These 39 recommendations could be sorted into and liquid water content, would be _vailable.
seven classes. Some of the recommendations could

T_.t _. c,-tttH bl_lt_ Profile data could also be valuable for crews of
aircraft approaching the terminal if provided in

0tjKtl,. of ,_,-Itm 0tsm.,m concise form and in sufficient time for the crew to ,
1. Igwt stl tM IJ0r p_l_ I_s wt_ mlm:t to t_ list of mtw_low

_cs s_ ul_ _ ,s_st n_att, to uf_ _ *w,_. _r assess the impact and to maise operational deci- i
_, t, _ u t_wrlnof,,_,u_ ,_,,u,_ It_,¢t_ _ t_ ,m siena. ASDAR/ACARS data obtained from cruise I¢_tlttm t_tlu (t.t.. A_rlm_ Ol_t llmo_ 9elastic:, tlmmm_lMr.

_t_ t_,_ _lsm _ l_utt*_ 0__ _u)_ level are valuable for flight planxting and for me- :
_. k_t turret _l_CtS of existing t4chnolo_, o_erattonll procedures,or

_:tttt_ um t_m _,tl_ teorological analysis and research. International _!
: _. t_c_r _t scu,_ ,s _ t, m_tm ,, ,u,,tm tin, _t_. coordination of projects is essential. Funding ar-

4. _t _t 0__ ,v_s,_ _=_tr _l_ atilt _ m_,t_tll_tt rangements will vary from country to country mad
_,r ,mt_ _ _,_l-q are yet to be resolved.

S. Prioritise t_e sctton nlcolmn4_ltn Stllp 3.

' RECOMMENDED ACTION: In view of the mu-

s,_,_,¢cs_ _,_s tual benefits, aviation and meteorological eommu-
a. w_ _ m_ _,e nities should cooperate to promote this type of me- i
s. _1_¢, teorological data project and to investigate tech- ,

I c. _,_. vts_tl_tr. ,_ ¢,tu_ nical aspects and the processing and distribution- , 0. u_t_ _ _=,s_Hc tl_tttclt_ of the data. t '
[. Icing, F_lSt,smlSire

F. k(n
_ RESPONSIBLE AGENCIES: National Oceanic
'i iL Olone,Acid_In,_ _ other mt_n;1091_lp4roBOtirs IG'_l_i_Id bI

_ _mtm _. and Atmospheric Administration/National Weather

' Service (NOAA/NWS); Federal Aviation Admin- i
i " istration (FAA); International Air Transport As-

easily fit into two or more of the classes. Some of sociation (IATA); World Meteorological OrganS- _,
i the recommendations are quite similar and can be zat_on (WMO); and International Civil Aviation _
I combined. The ones _ven here should not be con- Organitation (ICAO).

sidered as presenting all of the hild.-priority ree-

l ommendations, but only a sample of them. For a ISSUE 2: Improved short-range terminal fore-more in-depth discussion of the comments and rec- casting to enhance safety and to promote more
ommendations, the proceedings (Camp and Frost, efficient (low-cost) flight operations. ,
1984) should be pursued.

DISCUSSION: Policies and programs that lead to
The recommendations to be presented will be given a reduction of complete full-scale weather observa- '

in the format classifications as indicated above, tions and a lack of short-range computer forecast
models to solve the forecast problem are partly

A. Meteorological Data and Weather Information responsible for forecast inaccuracies. An increase

Recommendations in the number, frequency, and quality of observa-

!i ' tioual data, a reliable communication system to .

ISSUE 1: To enable meteoroir_gists _mtl aircrews transmit and disseminate the data, and the devel-

to take full advantage of the poteutial value of opmcnt of a short-range objective forecast model
, meteorological data becoming available from new ; "esired,

i automated systems based on aircraft, e.g,, Air- i

i: craft/Satellite Data Relay/ARINC Commtmi-

Ntmr - _ :.........................................................._:..............._'i' ..............."................... _ "
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Computerized, objective forecast systems should snow recognition algorithm for NEXRAD analy- _"
lw d,'veloped to assist tile for_'c_ter in the one- sis. PROFS profiler, with the inch_ion of a mlit-

R to six-hour projccti,m. These systen;s should have able , punitive microwave sounder, appears to have
the f, lh_wing three characteristics: 1) They should good potential for more direct indications of icing
be simple en_mgh t_J be run on-stati,n on a mini- conditions through the detection _f liquid water
c,,mlmter; 2) They should be un,h,r the control content (LWC) and the provision of temperature
of, and interactiw, with, the local fnrecaster; and tmmdinga. There are tome inherent limitations,

3) They ahouhl mah, use of recent, local surface such as 1) the capability of indicating only the to-
observations as input. Within the NWS, systems tal LWC integrated over the vertical extent of the

satisfying these criteria are presently being dew_l- cloud(s); 2) the inability to settse cloud top or
oped and should continu, to be supported. The resolve multiple cloud layers; and 3) the inability ,
Techniques Dew,lopment Laboratory of the NWS, to separate out the hWC that lies only above the
for instance, is developing and tesing the General- frec,,,ing level. The basic ability to detect LWC,
ized Exponential Markov (GEM) statistical model however, is judged to be sufficiently important to
and local APOS-MOS Program {LAMP). warrant development of the technique.

RECOMMENDED ACTION: Encourage devel- The MARS passive microwave rhdiometer/profiler
opment and implementation of systems and pro- technique appears promising for accomplishing the °
cedures that provide more detailed weather obser- required LWC and temperature profiling referred
rations, including automated systems. Continue to above in the PROPS profiler discussion. ,I

i operational testing of GEM; make it more efficient _

' no as to require less of the resources of APOS (Au- RECOMMENDED ACTION: 1) Evaluate NEX-
tomation of Field Operations and Services) ecru- RAD for ability to provide information on icing
puter configurations, and encourage more man- conditions, at least in developing algorithms for
machine interaction techniques, recognizing snow. 2) Develop the PROPS profiler

to include meassurements of LWC and tempera-
RESPONSIBLE AGENCIES: NOAA/NWS and tare profiles, especially from near-ground level to
FAA an altitude of about 20,000 feet. 3) Continue the -.i

MARS field trials with air truth comparisons from

B. Icing Recommendations overflights. _ ,

ISSUE I: Currently there is a nearly complete RESPONSIBLE AGENCIES: I) PAA and USAF
lack of meaningful or adequate forecasts, or even [Note: 1), 2), and 3) refer to numbering in the !
nowcasts, for icing conditions, particularly for corn- above Recommended Action]; 2) NOAA; and 3)
muter and general aviation. This is due largely to NOAA and USAP.
infrequent and sparsely dist ibuted sounding data
indicative of icing conditions. To benefit the devel- ISSUE 2: Development of an LWC instrument for

opment of improved icing forecast techniques and use m operational service. ! '/_ q
to provide better assessments of existing icing con- _
ditions, developmental systems, such as NEXRAD DISCUSSION: An LWC instrument is needed for ,
(Next Generation Radar) and PROFS (Prototype improved forecasting sad for real-time warning of
Regional Observation and Forecast System) pro- icing conditions. Information from these instru-

files should be expanded where possible to provide meats would be useful to all classes of aircraft; -_
data related specifically to icing conditions, however, general aviation and commuters would

benefit most. A low-cost and suitable %ff the i
DISCUSSION: NEXRAD may not be sensitive to shelf" instrument is nvt available; thus, develop-
cloud droplet diameters in the range 1/to I_0 #m, sent is required. Aircraft with current down-link '
which contain the liquid water content (LWC) re- capability are ACARS/ASDAR-equipped trans- '

sponsible for aircraft icing, thus excluding freezing plants that require icing information the least.rain and droplets. In this case, NEXRAD can still

be useful if it can detect the occurrence and spa- RECOMMENDED ACTION: Development of an !tial distribution of snow. Where there in snow, hWC instrument suitable for use in routine air-

there is little or no LWC and, therefore, little or craft operations. Further, encourage (or pay for) ;
no engine icing, although the snow may have an ACARS-equipped aircraft, to supply LWC data to j
effect on some engines or inlet systems. Thus, it the National Weather Service (NWS). j

. _ woul, I be valuable for nowcast purposes to have a

_ 5
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, (,RESPONSIBLE A(.EN ,IES: NASA, NWS, RE(:()MMENDED A(:TI[)N: FAA shoahl a_s,.ss
OF(]M, and FAA, fully th,, cal.thiiiti_'s ,.f c-ml),.ting' teclm.l.gi,'s and

,,xamilmti._l .f JAWS (J,,i_! Airpr)rt W,'_Lth,'rStud-
I). ]nMtrum,,IJlati(m l_,'¢cJmm,,ndati.ns i,'_) data a.aly_i,_, Th,,y shc).ld l)r.c(.rd with all

din, di_l.tt,'h t. d,'v,'hq) and &'l)l-y an ,,ff(,,'tiv,,
ISS1 1. 1: Th,,_'e is a m,ed f-r re.re and I..tt_,r ,yslt'm.
w,.atlwr t'_.liu,_r,_to i)bm,rve mirfa('e c.ndhi-lm and

Upl-.roair phen.mcna. RESPf)NSIBI_E A{'EN(IY: FAA

I)IS(,'IISSI{)N: More _ucurate slid frequent nwa- D. Winds, Wind Shear, m.! 'Ihlrl,uh,nce Bccom-
surement, of weather pl.,n.mrna arc, required t. Illendalion_

mqq.Jrt the desired changes in f.reeast accuracies,

¢orcc_ts of phenomena n-t prest.ntly f.recasted, ISSUE 1: Observation a_ud f.recasting of wind
vmd the olwrational safi, ty and efli_'iency of the shear, i
National Airspace System (NAS). The planned in-

crease in surface obs,:rsvations through the imple- There is a need for airborne wind shear instru- 4:
meutation of automated sensing systems will sig- mentation, The instrumentation must meet basic

niflcantly increase the anmunt and quality of sur- requirements. It should: a) Be capable of provid- :
face observations data. The NEXRAD and termi- lug the s_fest degree of handling a wind shear in
hal NEXRAD Program will greatly increase the case of inadvertent enc,unter, a_d be proven ca-

upper-air information data ba_e. However, the ar- pubic of safe penetration of wind shear on an ap-
e-s still not adequately measured are winds aloft, preach that will be um_uceessfui without its use;

. temperatures, and LWC. b) Provide the pilot with a coniinuous quantita-
tiw.• value of the significant hazard ahead, so that

There is more than one method to achieve some of he c_m haw, qualitative judganent as to whether
these measurements. Development and implemen- to continue or abandon the app._ach; c) Provide
ration of sensom must be accompanied by trade- the safest performance after the decision to aban-
off analyses to determine proper balance of fore- don the approach has been made; d) Assure the

i

cast model capability, ground-based _ensors, and best means of.arrival over the threshold with the
aircraft-based sensors, proper speed upon which the pilot's runway charts

are based, and give him quantitative information if
RECOMMENDED ACTION: Development and the speed is _macceptable; e) Recommend contin-
implementation of the NEXRAD, terminal ual special emphasis on wind shear related training
NEXRAD, and automated surface sensors should and education to include: 1) The different types
continue as a high-priority program. Development of wind shear-what to expect, what to watch for,

of suitable ground, air and spare-based upper air and what to do; 2) Updating of the training infer-
winds, temperatures, and LWC sensors should be mation as results become available from research '_*

given priority. Trade-off analyses should be car- or other sources; 3) The use of ground speed dur- "_,_
ried out in parallel, ing approach; and 4) The reaction of the flight di-

rector system to the different types of wind shear.
RESPONSIBLE AGENCIES: NASA and NOAA

RECOMMENDED ACTION: Develop standard
ISSUE 2: Terminal Doppler radar design, procedures approved by airlines and FAA to uti-

lize existing ground speed information currently
DISCUSSION: The major unanswered questions available on INS-equipped aircraft to ,Lvoid wind
related to ground clutter, siting, and automation shear during takeoffs and landings. Urge develop-
because microbursts are small, short-lived, low- meut of airborne wind shear instrumentation for
altitude, and sometimes weakly scattering. The all aircraft.
optimum wavelength is an unanswered question
relative tb the terminal Doppler radar. We con- RESPONSIBLE ACENCIES: FAA, NASA, and
sidered waw,lengths from the coherent lidar area ATA
through the 10-cm radar. This is a system prob-
lem, not just a sensor problem. ISSUE _: Effectiveness of profilers: winds, tem-

perature, and humidity.

%

6

ia. ' t

= ..... .-.. -- _ II I m i , II

00000001-TSA12



t
h g

_' I_)I._(,'IIS_ION: Mix,',i ophii,n, ,'xist an thi, is,m., m,-h'h dew'l,p,',l I,_ grn,.r_diz_, li_0.htni,w ,,fft_l._ ,m

r-_, Wieldsi_r,.nw,_s,lr,.dw,,l[,lullt,,mpt.r_thu-r_and Jww 1_,eILer_di,_j__tirrrM';
_ humidityh_w. l._,ww'rlicalrt:_.lnii,m,Grnt'r_l

agr,','nwi,t ,'xist_ th_tt ,t I,yh,'id _y_l,.m u_hL_,;pr_- lCESIq)NSilII,E A¢IENI:II, I,_: NASA, Dr)D, ,u,,I
lll,.rs,s,_l,.{{il,._,,u.ll,,,_iblys*,m,','-1,v,'t,_i,m,_l FAA.

_ r_t,,l,swi{h A(IAIL_ and ,_{h,'r{th','r,J{-,'q,,ilq*,'d

_,'n,,,1",i,lik,'lyt,,l.',,v,'fruitful,lllq,,.r-h.v,,lwind _'; fr,,mli{:ht1,i1,__Irik,._.
I,'qSIJill2: Pr,,t,.,'¢iJ {WILT I'tW[|

_ wtrbd,ilily(1ha,.,m,lsire,','}is,,f_m_dl,,r_,'al,'{{,,_,,

* n,,wl,r,',h,'{,',l,Jr,tv,_il_d,l,'in,.xi,th,g.,l,_l,_.Win,l_, l)lS¢',IISSIt)N:Li_,hllih,gslrik,.}l,,'l,h'1,l,t{,,j1,,!
,,v,'rwal,.r;tr,'veryinllt,,rt,u,t(Win,lsa!). ;dw;tyscw,',irw{,,'r,.11,{!ural{{RJdnh,g,h{tamax{-

t._. 11111111 frc¢|lll,nc'y. SI)IlII' ¢'{t_4l't4at,, ¢{lll'lll{ll'llt,'l{W"]}

+_ lIE,_¢)MMI'INI)EDAtI'I'It)N:¢h,,1,hwl,mm,'ri,'a} -,,l_i,{,,,,f,',mv,,,'tiv,,l,r,','ildt,¢i,,,1,u,,lit,sl.ral{-
_- Sl.ll,li,'t4},,,[,'l,'rlllil{¢'}llll)r,,v,'lll('t!lt_tel,f-r,'e,'_thl{l f,,rnlvl,,uds. Aircraft m.,,m t,, trigt;t,r]{gll(,lillg.

_ |hatwillresultfr,m{ l,r,,li{,','d,,v,'l,q,nwnt.Try t,, chad E-field,,{,s,,rvati,mswith lwn,.tratingair
quantify.How g,..lisl..tt,.r?Wl,at,l,1,.sit:,',,st't' craftand radar.bservationshavenot been nl_le.
What ,h,,,s iS s,_v,'?

RIBCOMMENDI!ID ACTION: Design a research
RESPONSIBLE AGENCIES: NOAA, in general, program that, measures frequency of hits as a rune- •

FAA should examine development lm,i cost efftc- tion of relative location to convective cells and cor-
_i tivene_s for winds and CAT detection along well- relate with ground strikes, and radar refl,,etivity

traveled routes, contours.

_J E. Lightnin_ Reeomxzwndat,ms RESPONSIBLi_ AGENCY: NASA

ISSUE 1: To understand the lightning mocha- F. Training Recommendations
nism, characterization of lightning at all levels,

;': and determine its effect on composite aircraft as ISSUE 1: hnprove the standards of pilot and con-
_. well as the detection of strike potential on aircraft, troller meteorological knowledge.

DISCUSSION: Some information is being deter- DISCUSSION: Six poin*_s were considered in the
: mined by the continuing research into the eharac- discussion, namely: a) Difficulties in implement-

terization of lightning. The research should be re- ing state-of-the-art te_'hnologies attributed to weak-
eused on determining and understanding the cause hess in pilot/controller knowledge; b) PIREPs
of lightning. The current programs underway ap- problems were discussed as addressed by the
pear to be addressing the major issues. FAA/ NWS through the National Airspace Plan;

e) En route flight weather advisory ser-
_, The effects of lightning on composite aircraft is vice (EFWAS); its strengths and weaknesses
.... generally understood and basic lightning-hardening
. as a vehicle for PIREPs, forecast, en route se- _,-

schemes have been developed. However, fleet-wide vere weather, etc.; d) The FAA ATC controller's
-: experience of aircraft with such strut- responsibilities and priorities as regarding the dis.
i tures in lightning-strike event,., is needed to fully trilmtion of weather information; e) Current FAA
i' assess +_heiradequacy. Collection of data must be lfilot examinations; and f) Need for controller

increased from the various available sources and awareness of pilot weather data requirements.
_, application of this data to determine effects on£

_. composite materials and digatal systems cent|n- RECOMMENDED ACTION: Require the pilot
!- ' ned. Pending the a_sessment, pilots of compos- applicant to pass a speciiic section of meteorology
k ire aircraft should strive to elude lightning strikes as a part of the private, commercial, instrument,
! throughdetectionatt¢{avoidance, etc.,examination,hnl_h'mentont_.oingmeteoro-

logicalinstructions for contr,dlers with special era-
RECOMMENDED ACTION: The developwent phasis on local phenonwna as applied to air opec-
of suitable in-flight prohalfility-of-strike instrument ations at un,n_umed airfields.
for use in reducing the number of direct: strikes to

'_ composite aircraft. Continued emphasis should be
'_'- l_lac,'d _,,, uuth','standing the impact of lightning RESPONSIBLE AGENCIBS: FAA and NWS

,, ,>n c,mq)osites and di!;ital systems with simulation

t_
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!
INTRODUCTION AND WELCOME 'i

DR. WALTER FROST you represent an _rea which the Space Institute
has been emphasizing for many years. Of course,

We appreciate all of you coming out to our Seventh Walt has done an outstanding job in the Atmo.
Annual Workshopon Meteorological and Environ- spheric Science Division, and we are always glad

• mental Inputs to Aviation Systems. Somehow or to have this group come back. I guess I am par- i

othe, we are going to have to shorten that name; ticularly conscious of this bect_use I am concerned _
i however, it has been used from the onset and we with turb-.Jence, especially in terms of the topic

don't want to change now. areas you will be addressing at this workshop. I
am also a pilot. Unfortunately, I had a bad expe-

To begL_this morning's proceedings, we have Dr. rience on a cross-country flight and made the mis-
Ken Harwell, Dean of the Space :ustitute, to we[- take, u many neophyte pilots do, of going on a
come you on behalf of UTSL Ken has been our short runway too soon after a front went through.
Dean for over a year now and he has made many I was experiencing about a 90-degree change in
things happen here at the Institute. It has been wind direction within just a few minutes. How- ii_

very dynamic year and I really appreciate the ever, as it turned out, to make a long story short, _
fact that he has time to come by this morning and I really didn't know what happened. I was about
address the group, t_ feet above the runway, and, supposedly, had a

safe descent; however, the next thing I knew I had

I

not finired enough and, thus, damaged a nose
gear. I really don't know whether there was av

DR. KENNETH E. HARWELL updraft at the end of the runway, which was hold-
ing me up, or a sudden downdraft. By the time

Thank you very much. It is my pleMure to wel- I contacted the tow¢ for confirmation that it was
come yo'a this morning to this workshop. I know a 180 runway, it had changed a_ound. So, I found
many of you have been here before, so the Space myself in a bad weather situation and banged up a
Institute _s not new to you. I wish Walt would brand new airplane. When you have an experience
give me time to really tell you what has happened llke this, you become more aware of the possible
during the last year; but he said, "Ken, I want dangers of weather. I believe some of the present
the short welcome this morning." Therefore, you on-going research is very good for the general avi-

: are going to have the short welcome; but I hope stion pilot. I hope, during these working sessions,
you will develop new and innovative ideas.• during the time you are here, yon will get around

• our campus and _e some of the many things go-

i ing on. If you have never been here before, this While you are here, try to strange a tour to our re-
is the most beautiful campus in The University of search laboratory steM. You probably noticed the
Tennessee System. We are part of The Univer- large Department of Energy facility ss you entered
sity of Tennessee, Knoxville. At UTSI, we have a the campus area. It is one of two national facilities '
unique institution that is different from any insti- for the direct conversion of electricity from coal, ;
tution in the country, in that, our graduate eta- using magnetohydrodynamies. The next group of
dents and graduate study programs are really inte- buildings is our own research laboratory facility.
grated with our research. To give you some idea, We are doing a great deal of work in laser men-
Deans always have to worry about money; how- surements and laser diagnostics, which are key
ever, we are State funded to the tune of about to come of the atmospheric modeling. We have
$ 1.6 million per year out of a total budget of 365 acres available on our campus. We currently
about $ I0 million. Our fine facuity here then have a high-technology industrial drive in process
raise approximately $ 8 million per year through here. We have four small comanies in our UTSI
research contracts and grants. We have about Research Park. This year it is our goal to devel<_p
80 full-time res_ .h usistants who wo_'khere in industry in this ares. If any of you are looking for a
some of the country's most advanced research lab- location, I would be happy to talk with you about

:_ oratories. We are glad that you are here, because it.- We have some very beneficial things to offer i
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to industry in assoeitaion with the University. I shown early on was the proceedings of the Sixth

think I have more than used my two minutes. My Annual Workshop. I wM quite impressed; partic-
office is right next door. If you would like to have ularly, it seems that the right people are involved
a briefing, or if you would like to have a tour of and limited numbers of the right people. Any of
our research facilities, I will be happy to arrange us who have been involved in meetings where we

:' either. Thank you so much for coming, and I hope have too many people know that a lot of times the

i that you will have a beneficial and enjoyable stay real issues become muted. So, it is very nice to see
; at the Space Institute. that people have thought their way through this,
i have small groups, an_ definite goals that those

"_ DR. FROST _oups are trying to meet. The second thing that

": i struck me about the program was that the issues
Our workshop is hosted by UTSI and NASA Mar- being brought out seemed to be the ones of impor-

i l shall Space Flight Center. To welcome you on tanee. I have been involved in some of these areas
be-

_: I half of NASA Marshall, we have Dr. George Me- before, as Walt said, in Remote Sensing. I was

_ I Donough, who is the Director of the Systems Dy- involved in a side-issue way in the Southern Air-
_-i namics Laboratory, Science and Engineering Di- lines 342 crash several years ago, because at that

_- i rectorate at NASA Marshall Space Flight Center. time, I was working in a program that had to do .
_ He has an Applied Mechanics PhD Degree from with data management. How the information on
_ The University of Illinois. His research fields of in- weather, etc., got promulgated to the people who

_' terest are Systems Dynamics, Electromagnetic El- used it. I got very interested in aircraft sdety
:, leers, System Engineering, and Applications of Re- from that point of view and have maintsiued that

_I to Environmental Problems, which interest. As I read the documents from the Sixthmote Sensing

i fits in very much with the sort of things we do. I session, I was .4u_te impressed that the problems
_" would like to ezpress my appreci',tion to Dr. Me- being discussed are the ones that an outsider, as

Donough for coming here to welcome you to this I consider myself in this business, would say are
year's workshop, the issues that the public would like to see people

r- with responsibility looking at, too. These are the

WELCOME REMARKS: Dr. George F. McDonough kinds of issues that the guy sitting at the back of
the airplane worries a little bit about. Are we on

Thank you, Walt. I would like to welcome you all top of this? The airplane stories, cruhes and so '
in the name of the NASA Marshall Space Flight on, in the newspapers make them wonder about

Center. We are all pleased to be a part of this and wind shears -,nd so on...is anybody really doing
to see so many people here. I trust, rather than something about it? Are you really getting to the

telling you about Marshall Space Flight Center, I bottom of this? I'm quite pleased to see that those
might spend a few minutes giving you my views issues are being handled in a way that I would
of what I see in the process that is going on here. hope they were. I just wanted to pass on those •
First cf _', I would like to commend you for choos- short comments to you. I am, once again, person- _.
_ag a place like UTSI to have such a conference. It ally pleased to be involved in this program, rm
is a beautiful p]lsce, and very conducive to working very pleased about the contribution that Marshall
in groups like this. The second thing is the format. Space Flight Center is making.., pleased that we
Only recently, witl_n the IMt year, have I had re- are able to participate in these things, because I
sponsibility for this area of work at Marshall, and think it's an important role of NASA. We're not
I've taken a critical look at it because one has to in only space, we're also in the aviation business,
such a circumstance, to see where things are going; and we hope to make contribution as we can. So,

what the goals are; what kind of people are work- again, I appreciate being asked to be here. I ap-
ing with it; who's using the product; where it's preciate the fact that we are able to participate,
all going. Of course, one of the things that I was and I wish you well in the following days in your

work. Thank you.
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"OVERVIEW OF METEOROLOGICAL INPUTS TO NASP"
Jamee C. D,.iuk

N86-I1736
D As a background for thh briefing, I would like toident;fy the key elements of the present aviation

weather system (Figure 1). .¢
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FigureI. 1983AviationWeatherNetwork
I

I. Surface observations are taken by several agen- staffed by NWS meteorologists. These meteorolo- ]
des, primarily NWS, FAA, DOD, and some con- gists provide controller weather briefings, prepare t ,/,
tract observers, and disseminate severe weather advisories and dis-

seminate PIREPS received from controllers.

2. Radar data on weather phenomena comes
from weather contour circuits on our ARSR radars, 6. The weather products also go to the flight set-

the NWS WSR 57/74 series radars and from ter- vice stations for dissemination to pilots both by
minal ASR radars, phone and face to face preflight briefings, and by

radio for en route pilots. Current severe or has-
3. Satellite data, primarily from GOES, provides ardous weather information, is provided through
data on the CWSU and PSS facilities, the En route Plight Advisory Service (EPAS).

4. All foreca_t_ and data" base products are pre- For the purposes of this overview briefing I have
pared by the National Weather Services and dis- divided planned system improvements into near
tributed to PAA and user facilities, primarily over term and long term programs. I will also identify
PAA comm_mication_ networks, some anmet needs. The short term improvements

are listed in Figure 2 and represent those actions
5. The primary focus for en route, TRACON and which can be completed within a two to three-year
tower controller weather information i_ the CWSU time period.
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_ .: International EFAS, to support over water oper-
,' kvlsed pilot brt*ftn9precedur_" ations in the Caribbean area, will be initiated in

i • cw_,d_r,ct_v_revt,lo, the Miami and San Juan IFSS's in 1984/86.
• C_pl_t_ I_*_d %rv_c_^ tnst,ll,tlm,

Data from geostationary orbiting environmental
• R_ satellites is presently available at 20 Air Traffic '
• Internatton*l[FAS(Mi.ml,S*.Juan) Control Centers (ARTCC), 20 FSS's and the Cen-
• ^ddiUo_s_C_S(CWS,I_rASSit,s) tral Flow Control Facility (CFCF). It will be avail-
s High-altitude[FAS able at En route Flight Advisory Service (EFAS)
• Hazardous In-flightWeatherAdvisory$ervtce(HlWA5) locations and selected level III FSS's by 1985. All
• Enh,ncedLt,sAS 64 locations will bc equipped with high resolu-

tion receivers/recorders. High altitude El?AS air-. AutomatedWeltherObservation_ystem(A_OS)demonstration
ground frequencies for high altitude EFAS will be
implemented at 20 locations by 1985. A frequency

Figure 2. FAAACTION5:Hear-term program allocation study is currently underway.act1v4ttes.

i, We have revised pilot briefing formats. Four types The Florida demonstration of the hazardous in-
_ _ of briefings are now available to pilots. ']?he first flight advisory service was successful and national .

i is the standard briefing which provides a synopsis implementation is planned. Ourfrequney manage-
ment people are currently in the process of allo-i i of current weather including adverse weather, en

,! route and destination forecasts, winds aloft obser- eating appropriate frequencies and consideration
, various and forecasts, and NOTAM's. The second is being given to the provision of HIWAS on some

_ type is an abbreviated format, designed to supple- UHF frequencies. Implementation is planned dur-
merit data the pilot already has from prior brief- ing 1984.
lugs. The third is a briefing designed for plan- The Low Level Wind Shear Alert System (LL-

[ ning purposes for flights scheduled to depart six WSAS) is designed to provide controllers with in-
i hours or more in the future, which provides fore- formation of hazardous surface wind conditions

east data which is applicable to proposed route (on or near the airport) that create unsafe land-
of flight. The fourth is an inflight briefing which ing or departure conditions. The system was origi-
corresponds to the preflight briefing, but which is nally developed for gust front detection at airports ,
given by radio. It is given by FSS briefers and is and has successfully detected wind shear phenom-
not available from EFAS positions, ena. LLWSAS is a real-time, computer controlled,

surface wind sensor system which uses telemetry
The Center Weather Service Unit (CWSU) direc- as a eommuniation link. LLWSAS uses minicom-
tire has been revised and is in coordination at this purer prncessing that evaluates wind speed and di-
time. It redefines the duties and responsibilities of reetion from sensors on the airport periphery with
CWSU meterologists and the weather coordinator center field wind data. A 16 knot vector difference ,

and it includes planned changes to improve criti- triggers an aural and visual alarm in the airport h,
cal weather dissemination. Other areas affecting control tower. During the time that the alert is
CWSU operation include provision of ht used See- posted, _ir traffic controllers provide wind shear
vice A terminals at all CWSU's which will improve advisories to all arriving and departing aircraft.
PIRI_P distribution. The Leased Service A pro- One-hundred-ten systems have been funded, 59
grant will provide higher-_peed communications systems are installed and operating, and 51 sys-
and computer terminal equipment at all CWSU's terns are scheduled for installation in 1984/85.
and Flight Service Stations (FSS) by the end of

1984. In response to a Congressional directive, the LL-
WSAS at the New Orleans airport is being ex-

The radar remote weather display system program panded to improve the capabiliW of the system
will equip 134 radars, 77 NWS WSR 57's and 5? to detect microburst wind shear phenomena. Five
FAA long range radars: The displays will provide additional sensors are being added to the current
six intensity levels in color. Implementation is sensors to provide coverage along runways. Pro-

• scheduled forcompletion at all CWSU's and _FAS eessor and software modifications are being made
by December 1983, with all systems commissioned that will permit comparison of wind vectors be-
by March 1984. tween each pair of sensors as well as the center

18 _
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field sensor. Facility testa axe scheduled to be- include winch, wind _heax, tnrlmlence, thunder-
i "_, gin in February 1984 and will run for one year. storm detection, storm nmw,meat prediction, pre-
' This testing could result in recomnwndationa f,_r cipition, hail, frontal activity, icing conditions,

enhancement of the LLWSA8'. freezing le.vels, mesocyelon_s/torna:loes, and hur-
rican,,s. Validation phase contracts were awarded

The Automated Weather Observation System earlier this year and are scheduled fi}r conq)letion
(AWOS) is being implemented to provide efficient, in July 198_. Limited production refit No. 1 is

_ reliable, and cost-effective automated weather ob- _cheduh'd f.r delivery in Febnlary 1988. Produc-
servation_ at a significantly greater number of 1o. tim_ _mits arc to be installed from October 1988

cation, than are available today. It will provide through February 1992.I
, automated sensing of: wind diP.ction and veloc-

i " Sty, barometric pressure (altimeter setting), tern- As a result of the Doppler weather research that
,_ perature, precipitation, dew point, and visibility. FAA and other Government agencies have spoo-

l The primary output is a synthesised voice broad- sored over the last ten years, as well as the re- !
ea_t. Eventually data will be output to the ha- suits of the continued analysis of the joint airport

!-- tional weather data base and, at some manned weather studies data, FAg is planning to imple-

__ sites, supplementary data may be added, meat terminal Doppler weather radar systems at
r a number of airports where wind shear conditions
: are prevalent. The terminal radars will have some-
__ C_rrently an AWOS drmon_tration program is in what different characteristics from the en route

i progress. Equipment has been installed and is op- NEXRAD systems. They will operate to shorter
i ._ erating at 14 demonstration sites. These demon- ranges and the radar parameters will be timed for

_ " strations are designed to obtain equipment celia- detection of wind shear and other clear air phe-_;,. bi,ity data, correlation between manual and auto- nomena. FAA has examined a number of alterna-
rustic observations, and pilot evaluation. Demon-

tires for achieving the terminal Doppler radarstration results will be used in preparing the pro-
duction specification to be issued in 1984. capability including development of "C" band

weather radar, addition of a Doppler weather

I This next set of programs (Figure 3) represent channel to ASR-9, modification of commercial
; those which will be implemented in the late 1980 Doppler weather radars, and a NEXRAD deriva-
i time period. These include next generation weather tire tuned for terminal wind shear detection. Ai -
i radar, tellninai Doppler radar, central weather pro- plan is currently under development for procure-

i cessor, Mode S data link, flight service automation merit of terminal Doppler radars; this concept is
system, and NADIN. supported by the Tri-agency NEXRAD council.

The center weather service unit is the central fa-

• Next _neratlon Weather Radar (8(Xl_O} cility for accumulating, processing, and dissemi-

• TerminalDopplerradar hating weather information to the air traffic con-
trollers. The meteorologists at these positions pro-

, Centre1 weather processor vide controller briefings and generate and dissemi-
• t_ode-Sdata link hate severe weather information to the controllers

• Flight service eutomtton system in the centers, TRACON's and towers.

• Nattonal Airspace Data Interchange Hetwork(NAUIN) The central weather processor, which is to be lo-
cated in the area control facility, will be the focal

point for the weather system processing for the
Figure 3. FAAACTIONS: Long-te,_ program CWSU meteorologists, air traffic controllers, andactivities.

pilots. The initial system capability will provide
: The objective of the NEXRAD program is to de- automation of the meteor_iogist functions, which
) velop and iml)lement a Doppler weather radar that will inch_de the capability to overlay satellite vi-

il will meet the weai:her detection needs of PAA, sual and infrared images and surface radar data
_, NWS, USAF, and other Covernment and private and to translate them into the scereographic plan
': organi_ations. A network of radars is planned that _tsed by the ATC computers. A loop capability
, will 1)r-vi(le weather radar coverage shove 10,000 will be l)rovided to allow meteorologists to study/i
, feet throughout the entire conntry. The aviation storm development mid aid in the generation and
i l weather products to be pr.vided by NEXRAD dissemination of severe weather advisories. A too-
l
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saic of NWS and FAA NEXRAD and terminal We believe that these programs will provide sub-
Doppler radars will be _vailable to the meteorolo- stantial improvement in the observation, proce_ ._

gists. This automation program will also produce lag and dissemination of weather information, How i

a type of hasardoua weather contours. These con- ever, there are some areas where improved tech-
tours will be displayed on controller sad FSS ape. nology is needed. These 1miner needs include im- ,
cialist displays and, it, the future, will be available proved accuracy of winds aloft information. Im- :
to the cockpit over the Mode-S Link. provement in sensors for present weather, cloud '

height, cloud type, vertical wind _hcar detection
The Mode-S system provides both improved sad wakevortexdetect.ion. Improvement in short-

surveillance and data link services. Terminals in term forecasts, improved icing and turbulence fore-
" the aircraft will allow the pilot to directly access cants, sad development of airborne turbulence and 4

the ATG system weather data base. Our ached wind shear sensing devices. We will, undoubt-
ule is to have Mode-S ground sites Jperational in edly, discuss these areas in greater depth during
1988, which will provide weather data. When the our technical sessions.
advanced automation system becomes operational

in the early 1990'e, most clearance information The upgraded system of the Post 1990 period (Fig-
can flow automatically via data link. We are also ure 4) will have the following capabilities:
considering the down-linking of airborne sensed
weather information to update weather data base In the sensor area, profiler and windsat are poten-
information, tial providers of improved wind and other data. !

Weather radar data will be derived from a net-
; The flight service program provides for two stages work of terminal and en route Doppler weather

of implementation of special.;st automation. The radars.
first, called Model One, provides automation of al-
phnnumeric products; and the second, called Model Communications of many alphanumeric and graphic
Two, adds automation of graphic products. A sub- weather products will flow over a NADIN system.
sequent enhancement program will provide _ele- Some information, primarily radar data, may be
phone voice response units sad direct user access routed directly to system processors. Processing

through Direct User Access Terminals (DUATs) of weather products occurs in the NWS facilities, d

-- and airborne Mode-S equipment, the FAA aviation weather processor, which for- t
mats weather data for aviation users, the Flight ,_ •

The PAP. modernisation program provides for the Service Data Processing System (FSDPS), sad the
automation of 61 flight service stations. Model 1 Central Weather Processor (GWP). Automatic

_ delivery is scheduled to start in 1984. Model 2 storm signature analysis will be provided sad an-
delivery is scheduled to occur between 198G and notated hs_.ardous weather graphic information will
1989, sad will provide alphanumeric and graphic be automatically generated and diueminated.
product automation at all 61 automated flight ser-

vice stations. Pilots will have direct preflight access to the au- 'h. :
tomated weather and NOTAM data bases either

The objective of the national airspace data inter- by Voice Response System (VRS) or direct user _
change network (NADIN) is to replace the cur- access terminals (DUAT). Pilots in flight may ac- [
rent data switching systems, provide coet-e_etive eess the ground data bases by Mode-S data link; I
service, and be able to expand to meet future Ns- or, if not equipped, receive automatic broadcast
tional Airspace System (NAS) needs. The NADIN of severe weather information, ATIS, wind shear ,
system should provide improved dissemination of alerts, Automated Weather Observation Systems !
weather information, replace the Aeonautieal Fixed (AWOS), and Tramcribed Weather Broadcast i !
Telecommunications Network (AFTN) switch, re- (TWEB) information. En route Flight Advisory t

place service aB", replace NASNET, provide flow Service (gFAS) will continue into this time pc- ,
control communications service, provide ARINC/ riod. The pilot will have continuous access to real- ,t
airline interfaces to weather and flight plan sys- time or frequently updated weather information ;
tems, and enhance NOTAM communications. The throughout the flight.
first phase of NADIN is scheduled to become op-
erational in 1984 with the enhanced NADIN sup- i

porting the future systems becoming operational ]

_. in 1987/88.
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T

procedures; mid-term
program provides improve- enhancements in short- and long-term forecast- iI

ments in observations, severe weather detection, ing and improved automated observation systems. J,
processing and dissemination; and the longer-term The goal is automated sensing, processing and real-

: program is starting to define interagency activ- time dissemination of weather products to the sys-
ities to provide the basic technology for further tern users.

N86" II 737
_AIRLINE METE.JROLOGICAL REQUIREMENTS _

C. L. Chandler and John Pappu

Yesterday, as I was about ready to leave the of- Many of you may not realise that today is an '*
rice, the telephone rang. It was Walter asking for historical date in aviation. Exactly 25 years ago ,
help. I will volunteer for anything, more or less, if on this date, Pa, American started their traneat-

" it has to do with airplanes and weather. The only lauti,: service with a 707-120 aircraft. In about ,,
,: reason I volunteered to help is that immediately I T-8 hours, that 120 at Kennedy or Idlewilde, at

knew in my mind who could give this paper much that time, had about a 57-second ground roll; he :

better than I. You don't have to twist his arm too had 6,000 polmds of water (some of you old-timers *
,_ hard. We have that man here today-Mr. John know what that water was tor). bly latest informa-

Pappas, who will present this paper; and, hope- tion tells me that tonight they are going to reenact ;

fully, both of us together can make up at least 30 that flight. I have not heard othe, wiee. They are !% of Dan. Maybe not, but we will give it a try. going to take a 707 out of Kennedy to Gander to

Last night I asked Waiter if i could give about an Paris with the same passenger load (I believe it
one-minute speech off the sg._=d,,, completely on was 04); they say they arc going to serve the same

, another subject, and he said it would be all right, kind of food. They found many of the members of '_

-_ \:
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t_ , the .rig, trial fli_;ht crew and cabin ;tt h.ndanta; and i, n.t getting through. M;m? mmth.urs are spent

, I un,h'r:_llutd tl.,y will :ds. haw' al.mt a week-hal r, .n the t_.h.i_h.nv deaper;ttely trying t,_ lind _cJm_,-party in Pari._ f,w tl., invih.,,s. ! tell ytm tlmt Iw- -n,' in the v_mtnluttivatit_lt chain that can help get

i l.ll.lit:l, | li]il IWt,nd.. ! was it imrt -f that .perati,m that data t- ytm. "Wvall.'r dttl_t r.mnnmieati.n
id tlmt tim,', S- was E, B, Buxhm, t)ne inort, reliability" w*"want, tt_ vonfidentl'y know that the

-- thivl'., 1 w,,uld like fi." the _dr,'raft mmmfacturers dat,t e.mmmfivttti.n ,ystvms at',, rcliahh, tu.I we

mt,I tl.' air l r;d|ic c,,ntr.I l-'-l,I,' fr,,m FAA that will rvv,,iv., ,lat a vmtsist,'ntly.
are hero It.lay t. giw' a little th-ug.ht to what l'm
ab-u; _',_nay n_w. [htr -tlu'r requirements are t.u.tly traditional. Of

[ course, we requirt, aecurah, hourly t,l,s,,rvations.
ht 19Gl, the schedules between Atlanta att,l Dal- Moreover, they shmdd I_c'eomph,tc, tut,I contain

_ Ins]Fort Worth as it tylfieal airline _'it,y pair were all si_gfitieant el,,ments, includint¢ remarks that am.
_; fifteen minutes faster that they are tf.lay, and it plify or enlumce paraticular eh'nwnts. For ex-

_i was real. We made it in one hour forty-llw, :sin- tmqJh,, clear NW, lightning South. We're con-utes in those days. It tt_es two hours u3w. We cerned that automated weather observations will

_ doubled the speed ow,rnight in 1958. We wel,t :at be able to provide significant remarks. For
front 230 kntJts to 460 knots ow, rnight; but in over those preparing foreeast_ and those making oper- .

i 20 we are slowing down. Keep in mind, a ational decisions, remarks are important.
years,

passenger buys a ticket because of the fastness of
__ the _drl,laae in most ca_es. So, this is something Tin're is als_ a requireluettt for a special observa-
_ fi)r you people to think about. John Pappas has ton whenever the ceiling or visibility goes above

about 20 years in the air weather service. He was or below 2,000 feet and/or three miles. This is
our manager at Southeast Weather in Atlanta for required to enable airlines to satisfy alternate re-
aborts five years and for the past seven years, he's quirenwnts. We feel very strongly about this.

..... been Manat-er of Meteorology at Western in Los
i_ Angeles. I wouhl like to present John Pappas. Upper-air observations are n,_eded. We must have
_*' a system that provides accurate temperature, hu-!

John Pappas midity, and pressure height data, an well as wind
direction and speed. There is lots of interest in the

You heard what Chart said about beinff called upon ,'adar-profiler today to provide upper-air data. To '
to do this impromptu and how quickly he accepted, reiterate and emphasize, we must have pressure
Of cour,_e, what he had in mind was making the height data, accurate temperature and humidity
introduction and I would make the presentation, information, as well as wind direction and speed.
So, welcome to the "Chan and John Show'-how

do you like us no far? There is a continuing requirement for radar obser-

The op_ _.ationa! objectives of an airline are: Safety, vations. We, of course, want equipment designed ,
convenience, comfort, and econbmy, Our meteoro- specifically for weather surveillance, the NEXRAD ,

logical requirements necessary to reach and main- idea. Weather satellite observations are required.
taln these objectives are many. The first thing that A few )'earn ago, requirements for satellite data
comes to mind in what I call _Weather Data Corn- did not exist,. Today, these ob.servations are a very

nnmication Reliability." It in not enough to de- important part of airline requirements and are be-
velop systems that improve upon current systems, coming increasingly importattt.
Systems that increase data storage capacities and
allow us to transmit data at phenonn:nally faster We need accurate terminal forecasts, including fore-

casts of severe weather phenonwna, low-level windand faster speeds are great; but ntea_aingless un-
lens the data tha_. these sy_te:ns provide get to the shear, icing, snow, ceilint'_s, and visibility.

user. RVR forecasts are definitely something that should

Prort the users point of view, and the airlines are be provided. Moreover, forecasts that correspond
users, there is nothing :acre frustrating to an air- to the olwrational ceiling/visibility categories are
lira, dispatcher or meteorologist who has to make necessary to make aviation forecasts more mean-
a ct,ntinuotts wide array of decisions that require ingful. The special category f_r ceilings and/or
nteteorologieal data around the clock, anti the data visibilty _f 2,000 feet mid/or three miles, men-

isn't there. Tlw data is available, and the equip- firmed earlier, would permit IFR flight plmming
tnent to transmit tutti receive it in available, but it without mt alternate and save millions of dollars

in tlmtet'essary expenses.
22
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haproved upper-air forecasts have been a special and we feel that ATC system does not consider the

; requirement since the dawn of commercial aria- impact of this phenomenon. We could plan andtics. It is even more significant today. Operating fly great circle routes on every trip. However, we
costs of most airlines have quadrupled during the must use the wind as An energy source, a free en.

l p_t decadt,. There ha_ been very little improve- ergy source. Atmospheric winds are not constant;
i meat in the forecast models that could offset some large variations with time, a_ well a_ vertically and
! of these rising costs. We are encouraged with the hori._ontally, mandate that we plan and fly in order

t work of N/t SA's Bob Steinberg and his MERIT to reduce the negative impact of headwinds and
I program. This kind of research is encouraged by increMe the beneficial effect of tailwinds. Tern-

the aviation community. Some examples of the peratures are important also but wind makes the, t

- .[ impel of upper winds on 6perating co_ts are the greater impact on ecoaomy. Upper wind forecasts
foll,_wing, must be improved.

For an airline the si,.e of Delta, that operates ap- Finally, the requirement for meteorological inatr, _-
proximately 1,500 flight segments per day, a she.age mentation needs to be mentioned. Many of you
in wind that affects the flight time. by as little au in the audience probably deal with this and haw

__ six s_onds and 30 pounds of fuel adds up to ap- a similar interest. The low-level wind shear alert

--- proximately $ 3,900.00 per day in operating costs, system (LLWSAS) is an airline requirement - ab- •
This is almost $1.5 million per year. This k;ud solutelyl We need further development and instal-
of money is more than enough to cover the oper- lation of the Doppler Radar System. These, and
ating budget of _w airline's meteorological/flight all other weather measurement instruments and

planning department. One ]mot of tallwind for a systems, are going to be of interest to the airlines
DO-10 operating between Los Angeles and H(,n- for many years to come.
olulu is worth 200 pounds of fuel. One knot!
These are real numbers. Wind speeds equal to 40 This concludes our presentation on Airline Mete-

percent or more of a commercial jet's true airspeed orological Requirements. I thank you for listening

_ _ occur. Not all of the time, but they do happen, and bearing with us.

N86-11738
_GENERAL AVIATION'g METEOROLOGICAL REQUIREMENTS"

Dennis Newton

']?he theme _f this year's workshop is Communi- General Aviation. In the broad view, the term ,_cation and Appplication of Atmospheric Data for can be, and often is, taken to mean all of civil "

Aviation Needs. One could certainly say that this aviation except the airlines. It would be virtually i
theme has been implicit in all of these workshops, impossible to cover the meteorological nee& of all ,. ,!

However, the stress on communication seems to of t,hat in a single paper, in addition to which, _'_
me to be both important and appropriate, for two one result of trying would be considerable overlap
reasons. First, the value of weather data to avi- with Mr. Olcott's forthcoming paper. Therefore,
align is often extremely perishable. It becomes I would like tq limit the subject somewhat by list-
quite useless if not quickly and accurately commu- ing some common characteristics of that portion

nieated to the people who need it. Furthermore, of the broad category of General Aviation with
communication of weather theory and information which this paper will be concerned. The follow-
about weather service products to pilots in an as- ing items should not be taken as a definition, but
curate and comprehensible manner is essential to more as a working hypothesis derived from expe-
flying safety in general. Probably no one needs rience of the makeup of the spectrum of weather
weather knowledge more than the people who fly customers, if you will, whose needs are considered

/i through it. here./

The specific subject of this overvie,s paper is Gcn- 1) The segments of General Aviation treated
eral Aviation's Meteorological Requirements. How- here will be those which operate below an sill-
ever, before one addresses the subject of General rude of about 25,000 feet. Within that operating

i Aviation's requir_,ment for anything, it is well _o regime, there is a broad spectrum of aircraft types,
{ say something about what is meant by the term, ranging from light, single-t'ngine airplanes to pres-

!
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suri,.ed twin* powered by turbocharged piston or It is essential to both its s._fety and usefulness
small turboprop engines, and a i_w helicopters, that this segment of aviat;on be provided with

the training to give its pilots an adequate knowl-
D 3) The operations considered are non-revenue edge of weather, in general; and the avoidance of

transportation of persons and prope,'_y under both hazardous weather, in particular. This done, it
± the visual and instrument flight rules of FAR Part is then essential that these pilots have available

91. Non-revenue should not be taken to necessar- to them weather products and services which will ,,
ily imply non-business; however, ae much of this enable them to make intelligent decisions about
transportation is business related, routes, altitudes, times, fuel, and everything else

influenced by weather down to, and including, the
3) The pilots are generally the owners or consideration of whether or not they should even

renters of the aircraft, ae opposed to persons who be thinking about making this flight today. Let's
make their living flying. They encompass a broad think a bit about training first, and then _bout
sepctrum of flying qualifications. Many of them the products and services.

! are ir,strument-rated pilots. Some of them, pratic-

i ularly pilots of higher performance aircraft, have It is easy to wax hopelessly philosophical about
=o Commercial Pilot Certificates. However, they are weather training for pilots. Question: How much

not often rated as Airline Transport Pilots. training is enough7 Answer: Enough to be safes
Question: How much is THAT? The discussion

4) Of the aircraft flown, only the present- goes rapidly downhill from there. In keeping with
: ized models _n generally be considered to be fully the function of this paper as an overview, and,

_ I equpped for weather flying, i.e., to be equipped hopefully, as a basis of later discussion, I would' with weather radar and certified for flight in known like to set forth just a few basic observation_ on the
_-- icing conditions. Among the non-preBsurized mod- subject, together with a suggestion or two. First,

ele, the amount of thunderstorm avoidance equip- I submit that the amount of training, which is the
sent and ice protection equipment is widely vari- minimum necessary for pilots at any given skill
able. down to frequently none in the fixed land- level, is that which:
ing gear and in many of the retractable single-

engine models. Most of these aircraft carry, at I) lustills in them a profound respect for
least, the basic equipment required for flight us- weather which is beyond their capabilities (or the i
der IFR, however, capabilities of their equipment) at whatever cur-

rent stage of flying development they may be; and
5) The financial resources of this segment

of Gene,._l Aviation are more limited, and more 2) Provides them with the knowledge re- ,
limiting, to its operations than those of, for exam- quired to recognize and avoid that weather.
pie, a corporate flight operation. The necessity of

sometimes having to cancel trips is accepted, al- For example, a beginning pilot, whose flying is en-
bait, probably reluctantly, as the price of not hay- tirely visual, must be trained in visual recognition

ing some types of equipment or services available, of hazardous weather. He must also be trained "_.
In this regard, this segment of General Aviation is in recognition of conditions conducive to reduced
much lees likely to employ a private weather ser- ceilings and visibilities which are hazardous, in
vice than is a corporate or commuter operator, themselves, at that stage. This training must also

include the elements of weather briefing necessary
The above elements describe a very broad, active to anticipate such conditions prior to flight. If the
segment of aviation. Furthermore, it ie a segment pilot's limitationc are to expand, further weather
which is very dependent on the skill of its pilots training, to permit recognition of the new limits,
in coping with weather for the safety of its flights; is required.
and on the quality of the weather services it uses,

• which services are almost exclusively provided by Now, how much training will a pilot actually get? I
the National Weather Service (NWS) and the Fed-
eral Aviation Administration (FAA). Its aircraft submit that this is driven primarily by the require-ments for weather knowledge on the FAA written

i do not, in general, have the performance to rapidly

I climb and descend through the weather. It must, tests for pilot ratings. People are most willing toinvest time, effort and money in training for which
! therefore, frequently operate in the weather, or not there is some tangible reward, such as meeting a_: at all.

requirement for a license. I, therefore, suggest
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i that, realistically, the amount of weather train- consideration in the working sessions (including
ink which these pilots will acquire is strongly sf- some of my own personal value judgments as to

_ _ fected by the weather content of the Private Pilot where improvements have been made and whereand Instrument written examinations. There are, they are needed), as follows:
enentially, no other requirements to demonstrate

i • _ weather knowledge, unleu the pilot seeks an Air- I) Thunderstorm products are generally very
' good. Among those products.of most value to pi-

! - line Transport Pilo'. Certificate. These teats are,

,' therefore, among the first things to look st if one lots, I woui3 list convective outlooks and the asao-

_ wishes to do something which will actually have elated severe weather outlook charts, severe thtm-
_ an effect on weather training of pilots. At l_resent, derstorm and tornado w_tches and warnings, sta-

weather questions constitute, roughly, 15% to 20% bility charts, radar summary charts, and conve¢-
- .... of the Intsrument Pilot written test. Since a pMs- tive SIGMETS. I believe that little in the way of _

.... ing score on the test as a whole is 70%, it is poui- additio,,al products is required in tlds area. Fluet ._
hie to miss most (or even, coneeivsbl}; all) of the dissemination is critical to their utility, howver. _i
weather questions and still pass the test. I can, This is particularly true of the convective SIG-

_ _ personally, think of nothing which would be more METS and radar summary charts. In addition,

_.. likely to have an effect on the quality of weather the stability chart is a very valuable briefing tool
I .-. training than to score this section of this t_st (and, and should be given much faster and wider dis-

perhaps, also the weather section of the Private Pi- gemination.

i lot Test) separately from the rest of the test; and 2) Icing products are grossly inadequate.
_° to make a passing score on this section of the test, .
L ,i' Despite the seriousneu of the hazard, there is no
!]_!,_ by itself, a requirement for passing the entire tL_st, long list of products llke the one above relating
_ r' tO icing. The quality of icing forecasts has been

!
i _] The rec/ltirements for recurrent training of Gen- generally conceded at these workshops to be poor. j

L_.,: eral Aviation pilots (as limited for the purposes This, in my opinion, starts with the total lack of ,_
i : of this paper) are, at present, mini,,.al. There a generally accepted definition of the intensity of ,
_. is, however, a require,sent for a biennial flight re- icing conditions in terms of forecastable physical {

view to be given by a Flight instructor. There is parameters, particularly that of cloud liquid water
_: also a much stiffer requirement for the renewal of content. I am aware that a great deal of research

Plight Instructor certificates biennially, which in- into this subject is underway at the present time. _ ,struetors can meet (among other ways) by tak- In the interim, however, much better use could be
ing a three-day refresher course. I would suggest made of methods presently in hand. A reason- '

_: that a refresher course for the renewal of Plight able definition of icing intensities was proposed by
Instructor certificates devoted entirely (or nearly NACA in 1947, and a method of forecasting them _
so) to weather sad to the teaching of weather be has existed since 1952. They are not p_rfect, but 1created, and that this be accepted as satisfying they are a lot better than nothing.
the renewal requirement instead of the regular re- ' i,,
fresher cout_e ,m something like an every-other- 3) There are msx_ airports which have in- _ i_
renewal basis. It would be no big trick to put strument approaches but no weather observations, i
together such a course, which could and should be There are also some remote locations, such as moan-

• made available to any pilot. The carrot of actu- taln passes, where observations would be very use-
ally giving something tangible for tskin_ it (i.e., ful. Various types of autoznatic equipment arenow _,
the instructor revalidation) would induce far more being developed and installed to make such obser- ,

o people thau would ever take an avaneed weather vations, which is good. Iwonder, however, in these
course otherwise. What better people to take it days of stuffing digital video data down wires, if
than flight instructors? It would then be, at least, remote television cameras at these sites might not
plau._ible to expect a general improvement in pi- be a better, and perhaps less expensive, solution.
lot weather training to take place over a period I realize that this will go against th_ _rain of the
of time, and to expect that pilots might get more natural deire of technical minds for quantitative

_'* a_d better exposure to weather knowledg_ during data. floweret, the TV camera at Stampede Pass,
Biennial Flight Reviews given by these instructors, which once provided a picture at the Seattle Flight

L Turning to the subject of the weather products sad Service Station, went out of service about six years
services needed by General Aviation, I would like ago and there is now a remote observation site in

!, to submit some fairly specific cotangents for later
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its place. I have never fmmd anyone who had used 2) A scheme h_s been implemented at the
t them both, myself included, who didn't prefer ",he Seattle Flight Service Stations, and perhaps else-

picture, where by now, in which the caller receives a record-
ed annmmcement of briefings for various routes,

4) On the subject of pictures, they are worth also recorded, which can be accessed by proper ,.
far more than a thousand words in a weather brief- keying of a touch-tone phone. Upon completion

inK. I refer, in this case, to the usefulness of a of the selected briefings, or if none are selected,
direct look at charts, particularly surface maps, a briefer answers if the caller stays on the line. 'i
weather depiction charts, radar summary charts, This is also an excellent idea and its use should be !_
severe weather outlook charts, stability charts, con- expanded. "_i
staut pressure charts, and the various prognostic

_i charts. No telephone weather briefing will ever 3) Transcribed weather broadcasts are of-
come close to giving a pilot the information which feted over navigation frequencies throught_ut the
can be had from a look at the charts. The in- country, and these can also often be listened to

creasing automation and consolidation of Flight by dialing a telephone number listed in the local
Service Stations has, unfortunately, seriously re- phone directory. These are good if kept current;
duced or eliminated the General Aviation l_ilot's but they are quite general, and it is often necessary ,
opportunity to peruse charts in many locations. It to listen for a fair amount of time until the data in
is obviously not possible ¢o put the system back which one is interested comes around. In this re-
the way it was. It was ,:hanged in the first place gard, I would strongly recommend that Notices to

. largely because it had become impossible to keep Airmen (NOTAMS) be removed from these broad-
-_ it the way it was. However, it seen_s to me that the casts. Unlike weather information, NOTAMS for

proliferation of home and ofl;ce computers may of- airports and routes not involved in a given flight
fer a good opportunity to restore pilots' access to (and even some which are) are of no value what-
the charts. I believe that a high priority should ever to a pilot in flight. There are few more ag- .

gravating wastes of time than listening to a recita-be given to making charts sad other data, such as
sequence reports and forecasts, available to those tion of NOTAMS, meanwhile flying an airplane,
having equipment capable of displaying or printing maintaining commlmication with air traffic con- [
them. trol, etc., in the sometimes vain hope that the Idesired weather information will eventually come

around. There is no way of knowing how often
In the meantime, Jssemination of weather data to it happens that a pilot tunes up a TWEB for
Gencrai Aviation users is, _d will continue to be, weather information, hears NOTAMS instead, and i
largely dependent on voice communication, either then simply turns it off and calls a briefer. I can

by telephone or radio. This, of course, is labor testify that it is not uncommon. There are plenty I-- intensive and takes a Iof. of time. Due largely to

these two factors, voice dissemination lends itself would°fpreflightbea iotS°urCeSmore°fusefulNOTAMS'withoutandthem.theTWEB t _i,
to the omission of items of data which are impor- ._

taut to understanding of the weather situation. 4) Finally. the EFAS system (commonly i
One of these items is recent past weather. It is called Flight Watch) of direct kdiight pilot-to-briefer
unfortunate that most weather briefings are given communication .isan excellent service for General ;

as if nothing was known about what the weatherd Aviation. It could be better if more frequencies
had been from the dawn of recorded history tin- were available for it, but functions very well oth-
til the phone rang; but it will probably continue erwiee.
to be the case simply due to "_imeand workload
constraints on the part of bc.th pilots and briefers.
Some automation of this process is possible, how-
ever, and some steps have been taken in this di-
rection. Comments on these ar,, as follows:

I) A system using touch-tone phones allow-
ing pilots to obtain exactly the weather they want
by following recorded instructions and entering the
necvssary commands has been used in a few lo-
cations. This concept is excellent and should be
pursued and expanded.

_6
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N8 -11739
_CORPORATE/COMMUTER AIRLINES METEOROLOGICAL REQUIREMENTS"

John W. Olcott i

Thank you very much. I appreciate the opportu- (12 percent), and a cause and factor in about 13
xfity to be here. I also appreciate following Dennis percent of fatal accidents. Often, the specific area "
Newton and John Pappas, because they have very where preparation and planning were lacking was
adequately covered the needs of the area that I am related to weather.

going to address. Corporate/executive operations
are part of general aviation; but they tend to foi- Where accidents involve weather-related causes or
low more the philosophy of FAR Part 121, than factors, the mishap is more likely to result in a

" do the smaller operators to which Dennis New- fatality. Of the I0 leading causal citations at-
ton was referring. The commuter operators follow tributed to nonfatal acciden-:s in 1979, for exam-
FAR 135, and, to a certain extent, FAR 121; so ple, only one -- unfavorable wind conditions
they also fall in between the type of characteris- explicitly referred to weather. In accidents in-
tics that Dennis and John mentioned, volving fatalities, however, four of the 10 leading

causal factors related directly to weather.
Within the system we call aviation weather, corn-

• munications represent an element of primary ira- Low ceilings typically is a leading causal factor
portance. Man cannot influence the weather over in fatal accidents. In 1979, for example, it was

_ "ii any scale o.t significance to aviation. He c_n only a cause or factor in 25 percent of all fatal aeci-
observe what exists and predict what is likely to dents; no other causal factor was more prevalent

_ !! happen based upon current and historical data. in mishaps involving fatalities. The next most
i: To counter our inability to influence weather, we frequent citation wa_ "pilot-contained VFR flight
_ have only our ability to measure and communi- into adverse weather conditions _ (19 percent of

__"_ cats what is happening. Therefore, I add to the 1979's fatal accidents). "Weather-fog _ was the

.__.. comments of other speakers my support for the fourth most-often cited causal factor (18 percent);

i _,_ relevance of this year's workshop theme, _Com- it came right after "pilot failed to obtain/maintain
._ munication and Application of Atmospheric Data flying speed" (19 percent). "Weather-raln _ was
i:_ for Aviation Needs". the ninth of 10 leading causal factor_ for 1979 (7 ,
= percent). (Causal factors tot_. more than 100 per-

While the rapid and accurate communication of cent due to the assignment of more than one cause
_ weather phenomena is important to almost every- or factor t_ an accident.)

one, nowhere is it more important than within

aviation. As Mr. Newton so appropriately ob- Two other top-10 causal factors in fatal accidents- '
served, the people who need the most knowledge _pilot-inadequate preflight preparation or planning _

.... about weather are those that fly through it. Fur- and _pilot-improper inflight decisions or planning _- _

:: thermore, the consequences of limited, untimely or often involve the gathering or use of weather infor- h,
nonrelevant knowledge of weather are potentially marion. In fact, six of the I0 leading causal factors
more hazardous to the aviator than to any other for the year involved weather in some form.

_ group.
Although specific data for 1979 are used here for

To provide emphasis to that last point-namely, emphMis (since 1979 was the year in which the

the potential h_zards of weather to aviators-, I lowest number of fatal accidents occurred for thewish to refer to the final report of an informal period 1967 to 1980, the last year for which the

=! pan ' on general aviation safety, which wu sub- panel had detailed breakdowns of data), the re-
! mitted to FAA Administrator Helms in February suits presented do not vary appreciably from other

i 1983. I een'ed as Chairman of that panel, years and are applicable for the present time.

Data compiled by the National Transportation While the data referenced by the General Aviation
Safety Board (NTSB) indicates that weather is a Safety Panel's Final Report applied to all cats-
cause or factor in about 40 percent of fatal ac- gorie_ of general aviation, 1979 ._ccident data coin-

cidents within general aviation. Of equal signif- piled by the NTSB indicates that corporate/exec- i
_' ' icance, ie the fact that the classification _pilot- utive and commuter operation _uffer similar ira-

, inadequate preflight preparation or planning" is pact from the weather. In 1979, for example, '

I ,
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14 corporate/executive fatal accidents and in five rate/executive and commuter operators differ from
(38 percent) of the 13 commuter fatal accidents, the group Mr. Newton addressed.

Returning to the theme of communications, Mr. The average member company of the National Busi-
Newton quite appropriately observed that general hess Aircraft Association flies its aircraft over 600 "
aviation is a broad term that encompasses all fly- hours per year, and over 63 percent of the NBAA
ing other than scheduled airline activity and mill- fleet are turbine powered. The average member

tar,/flying. Hence, corporate/executive end often company of the Regional Airline Association flies
commuter operations fall within the broad classi- its aircraft over 1,300 hours per year, and over
fication of genes'el aviation. 47 percent of the RKA fleet is turbine powered.

These statistics differ markedly from data char-
Mr. Newton addressed the communications needs aeterizing the typical general aviation pilot who
of the aviator who flies below 25,000 feet, is in- supports his flying habit with discretionary, after-
volved in non-revenue transportation, does not earn tax dollars. Such an individual probably flies less
his living principally as a pilot (which implies a less than 40 hours per year.
active knowledge of aviation and a lower level of
aeronautical skills for the average pilot, but such The corporate/executive operator typically flies .
may not be the case for all nonsalaried aviators), an aircraft that is radar-equipped and, to an in-
operates aircraft that generally are less equipped creasing extent, is also fitted with stormscope. The
for weather flying than the corporate/executive or commuter operator flying aircraft with the capac-
commuter pilot, and has marginally more limited ity for nine or more passengers also employs el-
resources than pilots within corporate/executive ther radar or stormscope for onboard avoidance
or commuter aviation, of thunderstorms. FAR Part 25 aircraft flown

by corporate/executive and commuter operators
In many cases, however, corporate/executive and are usually equipped and certified for flight into
commuter operators have many of the same char- known icing conditions. If an operator flies an air-
acteristics as the group Mr. Newton addressed, craft not specifically approved for flight in known
A reasonable and important percentage of cor- icing, it is usually equipped with anti-icing and
porate/executive operations occur below 26,000 deicing provisions. Thus. in terms of onboard ca- ;
feet, and most of the current schedules of corn- pacity to _.ope with challenging weather, corpo- '
muter/executive activity is conducted in aecor- rate/executive tad commuter operators are better _
dance with FAR Part 91, while commuters oper- equipped than other segments of general aviation. " !
ate to FAR 135 or possibly FAR 121. But weather
is insensitive to the FAA's operating regulations; Aside from experience and flight hardware, the

there is no such thing as a FAR Part 91 thunder- corporate/executive operator and, to a lesser ex- ;
storm. The more relevant regulation refers to air- tent, the commuter airline also differ from other
craft certification (CAM Part 3, or FAR Part 25), general aviation aviators by the means they use to ' _..
and aircraft certificated to each of these regula- communicate with the providers of weather data.
tions can be found in each classification of general
aviation. Most of the larger corporate flight departments

subscribe to one of the private weather services,
Thus, much of what Mr. Newton outlined _d and many use two sources of weather data other
recommended in his presentation applied equally than Flight Service Stations. The FSS network
well to corporate/executive and commuter aria- typically is employed only for filing flight plans

tion. I wholeheartedly endorse his comments on and for weather updates while en route. A typ-
weather training and feel that the concept Mr. ical medium-sised flight department, which oper-
Newton proposes applies equally well to all avi- ates two British Aerospace 12{i-700 business jets
ators, no matter how active. His comments con- sad one Beech King Air, subscribes to Universal
earning the adequacy of weather products, and, Weather, as well as Weather Services International
to a lesser extent, weather services, also apply to (WSI), and will soon install a VCR and TV system
corporate/executive and commuter operations, to record the aviation weather program offered by

the Public Broadcast System. i
It is in tl_e areas of recent experience, equipment

flown by the larger companies and, most signif- Although ,,us flight department was considering It i

icautly, in commuuieatiov resources, that copo- sa alternate source of private weather services be-
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cause its primary supplier had doubled its fees, of their operations, thereby providing another need

:_ cost is usually not a consideration. Service is the for accurate winds aloft data.
, ii' primary concern, and most corporate operators inP

_ the larger metropolitan areas feel that the FSS Commuter operators share with corporate/exec-
_ system is not able to provide timely service, utive aviation the need for scheduling predictabil- i

[ ' ity, but more for the reMou of avoiding the costs of

_" The commuter operator is far more cost-sensitive diverting to an alternate or. needlessly cancelling

•_. than his corporate brethren. Hence, he is far more a trip than for the reason of annoying the boss _
! likely to use the Flight Service Station as his _ource because the company aircraft didn't land where
_" of weather information. But private, computer- the flight department said it would land. Such is "I
; based weather services, such as WSI and Global not to infer that the commuter operator is dis- _

, Weather Dynamics, are also used in this area of interested in providing good eerv;ce, for on.time "_'
¢'" general aviation, scheduling and smooth rides are also important ,

to this class of user. But operating coats _ad the

i Primarily because corporate/executive and corn- impact of weather on those costs are far more im- !

muter operators employ experienced pilots, fly rea- portant to a commuter operator than they are to _
sonably well-equipped P:reraft and use alternate the corporate flight department.

, sources of obtaining weather data, their needs for •
_ ' weather data extend beyond safety considerations. Commuter and charter or;,.'rators that rely on the ;_

.... FSS system state that a need exists to standard- '_ IFor the corporate flight department, scheduling ize the quality of the weather briefing they receive ,i_

i "..i porate aireraft exists to minimi,e the unprodnc- seminar could consider the advantage of a stun- " i" predictability is extremely important. The cor- from the FSS specialist. Perhaps, attendees at this

' '- rive time and hassle often associated with public dardi_.ed briefing format for all users. All FSS
_" travel. Provided the multi-million dollar corpo- personnel would be trained to use the standard

' ' r rate jet can move important decision makers to weather briefing format and would deviate from •

[ i' the places where problems need to be solved and it only if requested to do so by the pilot. Such a '
_ contacts made, (all the while providing a comfort- procedure would assure a higher level of standard-
"_ able environment that can be used for work en isation and quality than currently exists. !route or relaxation), the investment in corporate

aviation is worthwhile. But, if the dispatch rail- Another common need that was expressed by co_- '
ability of the aircraft is low, or if the scheduling porate operators and by commuter operators who
predictability is poor for any reason, the corporate used private weather services wan the ability to file _i
aircraft becomes a questionable investment. The flight plans via the same computer terminals they _

, boss accepts the fact that his flight department currently use for obtaining weather data. Opec- _
" cannot change the weather, but he becomes quite store want to interface directly with the FAA's

upset when his crew can't make the schedule they computer facilities that process flight plans, and
told him they could make. they want a computer-based confirmation that the tl ' _ -_

flight plan has been received and approved. If ,, _t

Thu_, accuracy of forecasting weather is impor- such a system of computerised flight plan filing
tint, not only for safety consideration, but also were possible, the popularity of private, computer-
for scheduling consideration. In fact, scheduling based weather services would be enhanced.
predictability is a particularly critical need for cot- J

= porate/executive operators. To summarize, the needs of the corporate/executive '
_, and commuter operators center principally on fa- '.

Because service is ao much a part of corporate/ex- cilitatlng the communications of actual weather
._ ecutive activities, a need exists for current data on data, particularly data that influence schedule pre-
,:. winch aloft and turbulence, corporate flight de- dirtability, ride comfort, operating efficiency, and

partments also pride themselves on the efficiency on u_iug existing non-FSS communication facili-
ties to input flight plan information.

J
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"OVERVIEW OF FAA'S AIRCRAFT ICING PROGRAM _' "If

N8 6 - 1 1 7 4 0

I The Aircraft Icing Accident Summm'y (FiEmre I) rain sad drizzle u in super-cooled clo,sdl, withshows statistics which were taken from National even a larger ammmt of accidents in snow.

Transportation Safety Board (NTflB) records and

i the FAA's Accident Incident Data (AID) system. Althm, gh we do not set a criteria, our reg.If you look at the number of accidents over about ulations tell you that you must be able to fly in

the last five sad one-half years, from Janum-y 1978 both falling and blowing snoW. Figure 3 outlines
to June 1983, you will find that there were 280 the current ;egulations relative to the certification
accidents which resulted in 364 fatalities and 171 of both small And large aircraft for ice protection.

Ig i_uries. The accident i_jury-to-fatality ratio is Both FAR 23 sad 35 reference the FAR 25 Ap-

_, . about 2 to 1. It is said that if you m'e involved in pendix C; bltt only FAR 2fi, which is for the _arge
an icing accident, you probably will not walk away transport category aircraft, references the falling
from it. It is a very serious accident in which to and blowing snow.

i be involved. In talking to the aviation community, we have

learned some very interesting things (Figure 4).
ze7sT,_eS, JU_ 19s_: As your initial operating costs have increased, the

_ _ _ buying of aircraft has become more expensive. TheIt TIU_PoP'r(_I) _ 5 6 10
IF' ¢_R (z35) 19 23 30 zl operating costs to maintain that fleet, because of

the increase in labor and fuel costs, have created5EHERAL

I ; AVIATI{_(91) 18_ 95 ZSZ 53 more and more concern about fleet productivity." ROTOR (Z) (5) (8) (1)

" OTHER/UNi(HOWH 62 q8 63 2

TOTALS: 3_ 172 280 85 SNALLAIRCRAFT:

W A_P,AGEPER 23.1093 INDUCTIONSYSTEMICINGPROTECTION
YEAR. 65 31 5.L 16 23,1q19 ICEPROTECTION

RE: FAR25 APPENDIXC

F_gure 1. Aircraft Icing Accident Sumrary TRANSPORTAIRCRAFT:

25,1093 INDUCTIONSYSTFJ'IDE-ICINGt ANTI-ICING
In a breakdown of the statistics (Figure 3), PROVISION

we find that 35 accidents occurred in super-cooled RE: FAR25 APPENDIXC
clouds; 31 in free_ing rain sad driz_.le; and 39 in RE: SNOWBOTHFALLINGt BLONING
snow. When the FAA regulates that you must 25.1q03 HINGICINGDETECTIONLIGHTS
be certified for flight in known icing conditions, 25.1416 PNEUHATICDE-ICERBOOTSYSTEH
this certification actually certifies only for flight 25.1419 ICEPROTECTION
in super-cooled clouds. This information tells us RE: FAR25 APPENDIXC _
that we have almost as many accidents in free,.ing

Figure 3. Current Airworthiness Standards

BYWEATHER:

CLII_/CRUISE/DESCEHT/APPROACHPHASESONLY
a FLEETPRODUCTIVITY

WEATHERBRIEFING:A3EQUATE 116 ALL-HEATHERORNEARALL-WEATHEROPERATIONS

INABEQUATE 55 o CERTIFICATIONPROCESS
NONE 4 LENGTH& COST

UNREPORTED 7 a ROTORCRAFTCERTIFICATION

SUPER-COOLEDCLOUD 35 S-76PU_/SUPERPUNA
FREEZIHGRAIN/DRIZZLE _1 412/21LIST

SNOH 39 o GAAIRCRAFT
OTHER/UNKNOWN 77 LOW-COST,LIGHTWEIGHTICEPROTECTIONSYSTEHS

0 FAR25 APPENDIXC

Figure2. WpatherStatl_tic_of AircraftIcing
AccidentSummery Figure4. AviationCommunityConcerns

30 "_
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People in the aviti,m commlmity have told us they program will also consider analytic methods to be
want all-weather or near all-weather operating con. applied in _ertaia circumstances for certification.

) ,liti.us. The mmmf_'turer, h..e told We also that use simulation; buttheyUS are say you we

r concerned that the length and t_w cost of the FAA really don't set any gtfidelines, standards, or pro-

[ rcrtilication proce_ is too great, ccduree for you to folll.w which are _cceptable tous. After we have done all these things, we need to
; To date, unf_rttmately, we have not certified update our standards, procedures sad FAR. for all

any helicopters for flight in known icing condi- .f the above; i.e., rotocraft, turbine engines, and
tious, The French have certified the P.ma, The aircraft with fixed wings.
mamtf_turer f.r the Puma Aerospeeiale hls come

to the United States and Mked its for certification Figure 6 summarizes the recent history of the
for both the Puma sad the Super Puma. Bell He- FAA AircrLet Icing Program.
lieopter has started flight testing for the 412 and
214ST and intends to get an icing certification for
it, emdoes Sakorsky for the $76. General aviation _-3-t3 FMk/)RINISTRATOABRIEFINGONATNO$_ER|CCttARACTERIZATION
aircraft is by far the l_rgest and most rapidly grow- s Lo_.s_r_ PLAN.
ing segnwnt of the aviation eommtmity. They have ,-2_-s3 AWATIOMST_S S _GmS_.CErTIFICATioND*_CTO_Tr_
informed us that they need low-cost, lightweight, v_.rriNeTo_Vl_ pR0e_pt_.
Ferny-to-maintain, low-power systems for their air- ,.n-. R_AA_INISTRATORBRIEFI_ ONACTIVITIES CURI_m.Y GOIN6ON

craft in order for them to fly efficiently. Manu- me0vem,eNT-e_ AIRC_'rICZNGP_.
facturers have also told us some interesting things _-20_-, _Tm_. ICm_e_SO_C_sn_.t_n_s _ _e_Io_. C_Tt_IUTIO

; about FAR 25 Appendix C. This is a very stria- _cT0uns uvw, _0,t_W,TS_am_RS0nmES_0_n0tU_PLM.

gent requirement. They would like to see if we
could possibly relax that xud give them a little sc_uu= F_ ,_t,nT_TO_._S__=st,_rr_To_,c_tn, m_._t.--_-83 con_tn-__o_m_.o_oko_c_SEDUCESs St_PO_T_NG_SUR¢,,
relief. These are the aviation community needs, u,_ SECRETARYOFDfx"l_SEFORP_D,RCHt ENGINEERINGWIlL
The flip side of this coin is what the FAA needs. SEe_t_FB.

As noted in Figure 5, the FAA needs several Figure 6. Aircraft Icinq Proqra_
different things in order to do its job efficiently.
One of the things we need to do is characterize On February 3, 1983, the FAA Administrator
the icing atmosphere, as well as to learn things asked us to present him with a briefing on why '
about aircraft performance in known icing con&- we were doing atmospheric characteri_.ation. In
tions. As a special interest, we also want to take that briefing, we also gave him the long-range plan
into consideration rotocr_ft needs. We would like which the FAA had developed. At that svane time,
to learn things about the use of thick fluids for de- the Administrator asked us to return in one year
icing as is currently being done in Europe. Our to discuss all developments which had been made

within the Government dealing with aircraft ".;-g.
Within about two months, we had the Aviation '_
Standards people and the Regional Certification

S CHA_CTERIZATIONS.ATflOSPHERE Directorates at a meeting to review the program ti

- AIRCRAFTFERFORR/_If.EWITHSNOW/ICEACCUISJLATIONS plan We did go back in July of this year to brief il- ROTORCRAFTPERFOR,'_NCEWITHICEACCt_qULATIUNS the Administrator on all of the information we had

- EFFECTSOFUNDER-WINGFROST (and we had researched this thoroughly) concern-- AIRFOIL. P_ _ERS SENSITIVE TO SUP#ACE RDUGHNESS

- HIGHLYV,Sf._dSDE-ICINGFLUIDS ink all aircraft icing research and developments. In
S ANALYTICAL_"rHODS September 1983, we had a meeting of the Nation-

- DESIGNANDCORPLIANCEDL"_STRATIO_ al Resource Specialists and the Regional Certifica-
e SIf_IATION ti_, Directorates to review the plan and set the

- ADE_ACYOFICETESTFACILITIES priorities within the program plan itself. We have
- USEOFSlrlULATIONTECHI_OL_Y also scheduled a meeting between the FAA Ad-o UPDATEDCERTIFICATION CRITEr_IA INCLUDING STANDAPJ_SAND

TESTPROCEDURESFOR: mini_trato,,, the NASA Adm:'_istrator, the Chair.
- ROTORCRAFT man for the Federal Meteorological Services and

- TURBINEENGINES Supporting Research, and the Under Secretary of
- AIRCRAFT Defense, at which time they will be briefed on the

same subject.
Fiqure5. FederalAviationAdministrationNeeds

_j

t

__ _/'_'_t[i --"_ I

,_................................................ -, :i_ :'i_ _i i ...............
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L Figure 7 will sbow you a little about how completed the first phase of atmospheric charac-
we h_ve organi_,d t'-,e Aircrdt Icing Program for terization; i.e., super-cooled clouds below 10,000 *

the FAA. We have sectiona on Atmolpherie Crite- feet. We are also going to look at snow, frrezing
rio, Procedures and Technology, and. Simulation. rain, drizzle, mixed conditions with super-cooled
Those three things are R& D functions which will clouds and ice crystals; then we will look at ice

lead to a teelmology base to ultimately be used crystals separately. The certification directorates
in the FAA regulator}' base. We intend to work have told us that it is most important for us to

I very closely within the government, with all the get not only CONUS data but world-wide data as
cognizant agencies, with the academic commtmity, well, because our aircraft fly world-wide, and we

:' and with industry, itself, to see that lb. program want the SARa to be able to cover all tho_e condi-
really meets your needs, as well as meeting the tions. Therefore, if we are going to relax the PAP,
needs of the FAA. We also intend for the program 25, Appendix C, we would like to know that our
to put forth information, guidance material, etc.,
as information becomes available to us. We do '

not want to wait five years to have it all nice and I SUPER-COOLEDCLOUDSOVER10,000 FEET
tidy for you. That would not be very good for the
people in the community. | SNOW

l FREEZING RAIN ANDDRIZZLE

L "'_t°'A"_ J I MIXED CONDITIONS"-r

I "_ l e ICE CRYSTALS
A'I_qU_,PlI[IIIC¢ll|11:g;k PVt_CI[_tI_[$• 11[¢1q_9 |lBiJU4710N t

.m,-_ c_ .t®,__.,s,,. ....,_,,,,,. O INSTRUMENTATION
• _ lO'_m _ - tmO1tC?t_ * _ SCAI.[
• _ _.= m_ . _,_ . _ m_ - TEST

o _ * DIIP..t_ I AIPJIOIE FA(ILIIII$
. _,. me,.,,... -,_ ""EVALUATION
I Iqlla_ {_IQITI_I$ I _VJlll{_ _ I _ FACILITII.$
• ,a¢_._ ._M,,_ -_ _,- - OPERATIONS

= J O INTERNATIONALDATA BASE

O(:ERTIFI_ATIOII

,_o_ Figure g. FAAProgramPlan ,
•,_,,_ _

J planes would not fall out of the skT if they were

_*_ flying over Norway. |_: Figure7. AircraftIcingResearchProgram I

_. _ FunctionalRelatlonships 1
i We are also developing something that is v.,ry i

i No program is a real program without ade- important-an international data base. We are go- I[

quote hmding (Figure 8). Over the next five years, ing to be asking the industry as well as the depart- _
FY 84-88, the FAA plans to spend a total of $5.3 manta within the government to be contributing to "- ._
million in contracting funds to support this plan. this. There are many places with many different
It will also be supported with eight (8) senior ape- sources of data, such as the Bureau of Reclama-
cialists/scientiets cognizant in their fields. As we lion, DOD, and NASA. We would like to combine
see progress in this program, we will readjust the all of this information and start an international
resources and the staffing, data base to characterise the atmosphere. As we

._. evaluate and find holes in the data, we will initiate
meteorological surveys in those area_ in order to

.e ,._ ,e ,*_ ,v ,a complete those characterizations.

Ice protection is a very important part of the$Tiqrli6 II_) it l I I 0 9

program plan. Figure l0 defines the areas into

Figure 8. Five-Year Funding Plan which the FAA will be looking and keeping abreast
of these areas as things develop. Rather than wait-

The FAA Program Plan outlined in Figure 9 inf for a request to certify to come into the FAA as
shows that when we characteri_c the atmospheric tbP manufacturers develop _hese systems that will

_i_ environment for icing, we are talking about super- t e used, we would like to stay abreast of them and
cooled clouds above 10000 feet. We have already issue guidance material. Therefore, when some- i

'
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!='i;_ I ANTI-ICING I AIPBORNElEST FACILITIES
- HELICOPTERSPRAY(tllSS)

- FREEZINGPOINT IJEPRESSANTS
- TANKERS(OlHERS)

- ICE PHOBIC;
- THERMAl_ • GROUND-BASEDFACILJIIES

- WINbfUNNEL
o BETEEIlON , ENGINETEST

l CONTR()I_ - LoWVEEOCIIY
SYS1ErlOPERATION - ROTORCRAFTlEST RIGS (NASAIIJNNEL)

t DE-ICING . OSCILt.AIING
- AIRBORNE , NOTATING

, PNEUMATIC m CERTIFICATION
. THERMPL - RATIONALE

• ELECTROMAGNETICIMPULSE - STANDARDS
- PROCEDURES

- GROUND - GUIDELINES •
- • THERMAL
:' e VALIDATION

• CHEMICAL

I FLIGHTTESTANDEVALUATION
..... FigureII. Correlationof AirborneandGround

__ FigurelO. IceProtectionSystemTechnology BasedFacilities

one comes tous with a need for certification on a ,,
particular type of system, we will have done our I DEVELOPHENT
homework m advsmce, eliminating a long wait to
get a certification. Neither will we be confused - rIATH
as to the requirements for certification. We think - COMPUTERHODELING
we can cut the time down to certify an aircraft or • ICE SHAPEPREDICTION
rotorcraft if we do our homework first. • AERODYNAMICDEGRADATION

• WATERDROPLETTRAJECTORYCODES

We will also be publishing the guidance ma- • ICE ACCRETIONCODES
Serial as we get it. However, the FAA will really • TRANSIENTHEAT CODES
not be advancing the ice protection _y_tem tech- • SOLAR RADIATION(SIHULATION) '
nology.We willbe workingwithyou asyou de- • HUHIUITYEFFECTS(SIHULATION) "
velop the system_ so that we can be aware and
can be publishing our guidance material; however, I APPLICATION
we won't be trying to advance the state-of-the-art. - DESIGN
We have stated that simulation can be used in or- . AIRFRAHE/ENGINE

der to meet some certification criteria. As shown - EVALUATION
in Figures II and 12, one of the things that we - EXTRAPOLATION
have to do now is to correlate the airborne farili-

• VALIVATIONties and the ground-bMed facilities with nature as
we discover it through our atmospheric characte_i- - AIRFOIL PERFORMANCE
sation studies. We will then be issuing guidelines, - ARTIFICIAL ICE TESTING
sta_dardB, and procedures which c_n be m_edin - ICINGSCALINGLAWS

i order to obtain an FAA certification. We are also - AIRCRAFTICINGHANDBOOK
going to validate that those grotmd-ba_ed and air- i i

-' borne facilities do, in fa_'t, meet the guidance that
ha_ been set for,hbyPAA, lnthemaMytiemcthod, Figure12. AnalyticMethodsintheCertification
we will hope to be reducing the cost and length of Process
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the certification process by using more of the an- The FAA will proceed on a bi-annual update plan
alytie method_, ,,, we come to know more about henceforth. We will be doing the same thing with

_i them. NASA _ the leader in this, as well ms the simulation technology. We are trying to put all the
academic community. They are the people who information into one spot, so an internally coneis-
will help us learn more about analytic methods, tent document is available.
We will also be updating things like the ADS-4,
which is about 20 years old and really in need of As noted in Figure 14, the specific products ',
updating. Figure 13 shows our schedule, drawing with which we have promised to come forward
things together and putting tnem into perspective, are: 1) atmospheric characterization for super-

The atmospheric characterizations that are seen cooled clouds over 10,000 feet by June 1985 (only
here did not really begin until 1983. The super- CONUS) 2) an update to AC 20-117 by September
cooled ,'loud and the snow did; however, the freez- 1985; 3) an update of the Aircraft Icing Handbook
ing rain, drizzle, ice crystals, mixed conditions will by June 198b; 4) a simulator technology section of
all begin in 1984. It is planned for them to go all the handbook by September 1986.
the way through I988 in order for us to obtain
both CONUS and world-wide data. The proce- This morning we have looked at some of the

,, dures and the technology for the ground de-icing statistics that prompted the FAA to put together
will be updating AC 20-117 to include things like an icing program. We have looked at some of the
thick fluids. The initial update of the Aircraft Ic- history from user needs; and now we have gone •
ins Handbook will not be a reprint but an updat- into detail through the program. Please feel free
ins of the newest, latest technology that we can to contact me with any comments or criticisms or
find, and that ought to be out within two years, suggestions.



annually. About 60 percent of that is in the ar- the same time, because it tu_s the same refrigera.
cas in which you are interested, i.e,, meteorology, tion, If we revitalize the altitude propulsion wind

i I will spend more time on some of our progrPms tunnel for aeroelasticity, then we, the icing folk,
than others because of your specific areas of inter- will have a free ride,

est. Our major programs are: a) severe storms

' with Norm Crahill at L_agley; b) clear air tur- The kinds of things we do in icing are fairly simple
i bulence work is being done but not on a very high and straightforward. We mal_e a better icing pro-

scale; c) icing, which is a big problem; d) fog tection system for wings, rotorblades, inlets, and
is a very areal! program, and Vernon Keller from protuberances. We collect and analyze computer
Marshall can help you with that; and e) landing data; do experimental work in the tunnel; and en-
systems, which concerns itself with what happens gage in flight research to see if all the laboratory

r_ when the runway is wet, and that is a meteorology work makes sense and is reliable. The electromag-
problem. We have done some work in ozone with netic impulse de-icer is an tltample of advanced ice
the Nimbus 7 Satellite in conjunction with North- protection research. When ice forms on the wings,
west Airlines and NASA Goddard. That was a electricity induces a shock wave. There is no elec.

very neat program, but it is not a topic for this triced contact with the aluminum, just a pressure
conference. If someone should want to discuss it, which puts in a little air gap that shocks the alu-

- Bill Day from Northwest, or myself, might be able minum surface, moves very quickly, and off pops "
to help you. The fuel savings program which John the ice. We are so happy with this system that
Pappas mentioned earlier is the MERIT Program we are modifying our twin otter wings. We have

_ with Bob Steinberg. qualified them through the icing tunnel and we are

_ flying them this winter. An electrical impulse eye-
In the icing business, one can always understand tern will save about 500 or 600 lbs. on a transport

' what the objectives are: acquiring new technol- airplane. They are very low-cost and low-weight.
ogy; improving safety; and maintaining low oper-
ating costs. Dan Mikkelson from NASA Lewis and
Jack Reiumann are involved in our icing programs. I should mention that when we started our ex-

_. Jack is in Europe trying to figure out some things panded icing progrmn in 1978, we went out and
with our European friends on icing. We have a asked people all over the world what they thought

r_ very good dialoguewith everyone in the world on we ought to do for the short-term and long-term.
icing. The heart of the program is the 6 feet by 9 We put together about 400 responses; divided it '
feet sea-level, 300 mph icing tunnel which has very into transport airplanes, commuters, general avis-
limited capability in terms of temperature, water tiou and rotorcraft. We contracted with Douglas,
content, droplet size, etc. We were doing all right Rockwell, and Boeing to put all of these responses
until the FAA decided they wanted to add freezing together and recommend a program. A lot of the
rain and drizzle. We are going to upgrade the nos- things you are seeing us do now are things that
zles to cover FAR 25, Appendix G, which came out you and your contemporaries have asked for and
of the old NACA days. If we take on _his new task that are consistent with NASA ideas. ' _ i!
for the FAA, it will cause some re-thinking on our
part as to whether we can duplicate tho._e kinds of In the icing program, we want to find out if the
atmospheric conditions. However, we are t;eing to things we learn in tunnels are really true. We

spend another $3.5 million on that beauti_.d tun- want, of course, to go out and try some real ice
nel. It is the most heavily scheduled tunnel out at protection systems. We would like to see how well
Lewis. It goes day and night, and everyone uses icing instruments compare from one kind of tech-
it. We let the Air Force use it for cruise missiles; nology to another (old to new) in natural icing

the Army uses it for helicopters, inlet conditions, conditions. We want to know what happens to air-
coolers, rotorble_les, etc. We also have the old al- plane stability, control, and performance in icing.
titude wind tunnel from the 1.940's. It is worth We also want to know what kind of meteorology

about $75 million sitting there doing nothing. We data is needed to update the old data bases.
are going to see if we can spend about $125 mil-
lion to make that a new altitude propulsion fa- We have acquired considerable flight time with the '

_ cility between 1986 and 1989. The big working twin otter in the last couple of winter seasons, emd ,
section, is 20 feet in diameter and goes to Much 1, we are ready to start again this season. The air-
at 50,000 feet. That's terrific, but a long-term job. craft is now equipped with new instruments. We

! Of course, we would keep the old IRT on line at are looking at performance degradation and icingr
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for various meteorological conditious. We have the _
first airplane ever, l think, that meMures all the e ToMEASURECHARACTERISTICSOFDIRECTLIGHTflIflGSTRIKESAT AIRCRAFTOPERATINGALTITUDES

p atmopsheric conditions such as iiq,zid water con-tent, droplet size, humidity, and temperature. We , TODEVELOPADATABASEOFLIGHTNifiGST_IKE"

-_ relate these measurements to real-time history ice CHA_CTERISTICfSUITABLEFORDEVELOP_EflTOF
": accretion on the winks with stereo camerem. We DESIGflCRITERIAOFAIRCP_FTWITHEXTEI]SIVECOflPOSITESTRUCTURESANDDIGITAL CO_tTROLSYSTEPIS

have a pressure belt around the wing so we can
measure the change in lift, and we have a heated s TODEVELOPANALYSISTECHNIQUESTOPERMITTHESE
wake survey probe to measure the change in drag. RESULTSTOBEAPPLIEDIflDESIGf:OFFUTUREAIRCI_FT

_ In diseu_ion of PlREPs and icing, we are quan- Ftgure 1. NASALangley Lightning Program

- ". tifying our instrumentation in the cockpit. En- Objectives
gineering test pilots are reading it back down to
Cleveland Center, and it goes to the CWSU and s OPERATEHEAVILY-ItiSTRUIqENTEDF-lOftAIRCP_FTItl

through Service A to Kansas City, and back to the THUNDERSTOmSANDGETSEVEP._LHUNDREDDIP£CT .,

i FSS. So, some poor soul who flies arouud where STRIKESUPTO50,000FEETALTITUDE
we are flying, whichis Cleveland, BuBalo, and up s STATISTICALLYANALYZEDIRECTSTRIKERESULTS:

" into Canada, can get actual PIREPs which mean, e AIRPI.N_,ERESPONSE ,
IF something, except he probably doesn't know what s BASICLIGHTNINGCH_.RACTERISTICS

,._' liquid water content is. The main thrust, however, e DEVELOPANALYTICALTOOLSTOPREDICT:
is to get quantified information into the system.

|. _ We need to find a way to take hasarde and give , ELECTROMAGHETICP.ESPONSEOFANYAIRPLANE "_e ELECTRO.P1AGNETICPULSESO_lAt_YWIREIN THAT

_- them meaning to a particular type of airplane op- AIRPLANEIs._

- eration: turbulence, wi_d shear, rain, water, etc.
" We need to get some idea of quantification that is , DEVELOP"FAULTTOLERANTSOFTWAREANDHARDWARE"TOPROVIDEPROTECTIONFORTHE DIGITALDATAAGAIPST

If useful...not academically useful, but operationally THOSELIGHTt_IHGPULSESONTHOSEWIRES

_ I want to touch on Norm Crabill's program. He Figure 2. NASALangley Ltghtnfng Program
is Mr. Severe Storms at NASA Langley, and the Approach 1:

biggest dollar spender in the NASA Safety Pro- at scaling e_eets for precipitation. This is a real _ ,
gram. The objectives are given in Figure 1. There tmzgh job to handle. There. are many things which
are about 25 different experiments including gas are not well understood on how to scale droplets

__ production in lightning strike areas and things like in an experiment. Changes in Uz; and Up that we
that (Figure 2). The data are being used for work found for this particular airfoil (not a transport i

" being done with the Air Force, FAA, and Boeing airfoil) in heavy rain conditions are shown in Fig- _ -'
in design of future aircraft where advanced light, ure 3. This is some of the work that Jim Luers did
ning protection te_knology is needed. The first for us. He suggested that we work in this area of

couple of years we did not know how to go about heavy, intense rainfall rates to see what happens
this research, it took a number of people a period to lift and drag. We found there are changes in
of time to figure it out. By using ground-based lift and drag, bu_ we don't know that they really
weather radar, remoting that into NASA Langley, happen on a transport airplane wing. To keep our-
and putting WSR-5? weathe_ radar information selves in line, we asked Boeing and Lockheed for
into the cockpit, we were able to successfully find help. We hope someday to decide ;.f ',._'_should go
lightning. We had to build some mesoscale models into a larger scale (40 feet by 80 f,,' ) t, st facility
to get a better idea of where the airplane had to at Ames with a scaled airplane, not just a wing.
go to get hi_ by lightning. When all the strikes We will find out about scaling laws and sensitiv-
are added up, there are about 402 direct lightning ity of airfoils to rain, and if the effects are real.

strikes on the airplane. These are some things that we must think about

In the area of wind shear and heavy ra;v, there because, if we are telling pilots in wind shear to
has always been a problem. Despite all the im- gr, to stick shakers, and if the lift and drag char-
provcmente, there arc still wind shear accidents, arteristics change enough, we could accelerate a
In the area of heavy rain, we are looking at the stall. If a stick shaker goes out at 7 percent and if
aerodynamics of airfoils, and experimental work is you knock off 12 percent Us, max, your increase in
underway at the Langley 4m by 7m tunnel to look stall speed is about 6 percent, and you could get

into trouble. !
!
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- 400 know enough about that yet. We ate trying to
- 900 quantify effects and simulate rain; and if anyone
- 1200 knows what the actual rainfall rate was in an an:-

FLAPS20, RN = 1.6 x l0 eident, we would be delighted to hear from them.

Airborne Doppler Radar is an opportunity to rec-
1.4 ogaise some terrific work that Norm Crahiil, Leo

Staton, and some other people have done in the

1.2 __ _ Air Force Geophysics Laboratory on the F-105 i .11-- and with some Doppler radar on the ground. We i

1.0 _ found that there is a relationship between remote _ i
/Af Doppler-measured winds and winds measured on !

•8 m_ /_f an airplane in the same air mass. Through a rather /i
.6 _r/ broad range of wind speeds measured with the F- _

CL j_ I06, we found a very good correlation with re-.4 _,, mote Doppler-measured winds. What we want to _

_' do is take tide technology and use it for an air- 13
•2 borne wind shear se_or, because then you would .__ -

have all three products that a pilot needs. In cock-

0 pit weather radar today, a pilot has reflectivitj; j

and through %e new work, he has Doppler turbu- _:
-.2 lence. If we _. "m the first moment of Doppler

and take v',_t grcund clutter, slinging, and a few
-.4 other problems, we can end up with a radial wind :-8 -4 0 8 12 16

_, deg component 20 to 30 miles ahead of the airplane.
That is where we plan to go in the next two yeats,
although we have run out of money and we are try-

1.4 ,o-------- c_..._ ing to lind out a way to do this. It is, however, one

of the major objectives of our program. We would i_I

1.2 _ _ also like to discover what winds and turbulence _!! '

do to the airplane's handling qualities and perfor- ,_ii

; .0 mance. Since we have the F-lOS, and since we
_ have Doppler, why not go to these kinds of things

to find out the changes in air speed and flight con-

.8 _, trois required, control harmony, etc.? What does

.6 /I a pilot think about that? This is _omet,tdng else

CL we would like to do, maybe through the JAWS ,

•4 Project. We want to look at what happens and de- _! _ i_
rive some estimators of the change in air speed, al-

•2 titude and controls as a function of those Doppler
k winds. A correlation of the Air Force Geophysics

0 Doppler Radar, grcund, based Doppler with the F- _
106measured winds is shown in Figure 4.

-.2 :_
_4

-.4 We have s mesoscale atmoepl.eric simulation nu- _.
,3 .04 .08 .12 .16 .20 .24 .28 .32 merical program that we have been using as an

CD adjunct for directing the F-106 into the right piece _;
of airspace in order to get hit by lightning. The

Ftgure 3. Effects of heavy ratn on CL and CD thing that this audience wants to avoid is the thing
that we want to find.

Some other very interesting things ace happening
with the inflow of rain to the no_e radome. We We have tried to back-cast some data for shuttle
find a shock wave with the T-39 rsdome which operations out of the Cape. We are also collecting
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Norm's program to see if we could actually fore- port Weather Studies Project. Don't fly in or near !
cast icing conditions. This may prove to be very a microburst. We have helped John McCarthy
valuable, and Kim glmore in that program. Walter Frost is i

working with us to take JAWS data and put it into
o AFGLDoppler data some improved simulation models for research and T

F-106 data development. Roland Bowles from NASA Langley
is doing new things in simulation meteorology. It

Radial o_ _6_ is really an interesting area into which NASA is

Velocity, o__r _.._ now embarking; but what we want to do is notM/S o only R & D but also in training. We have to get
out there and help the people who need training.

" We scheduled a series of meetings with airplane '
' ' ' ' ' manufacturers and airline simulation people at a

Time, 5ec big workshop in Boulder with NCAR about two

Airborne months ago. Roland Bowles and Dick Bray are
o RadarData involved in some tasks at NASA to take this beau-

1/2c, F __ tifui JAWS data and tailor it into a training model

CM2/3/s _ by simplifying the data and adding turbulence and ,heavy rain.

Time, Sec In the area of clear air turbulence (CAT), Bruce 1
.i: Figure4. Exampleof F-IO6Bwind measurements Gary at JPL has been flyinga 0-141 equipped i

and ground Doppler comparisons with an airborne microwave radiometer (AMR)
out of Ames to collect information on the variation

The NASA B-57 is instrumented to measure gust of temperature gradients near the tropopause and
gradients in order to find the distribution of turbu- on incidents of turbulence. He has a nice paper
lense from wing tip to wing tip. Ah/,lanes cue cur- that shows what happens due to trope instabil-
rently designed with two-dimensional, as opposed ity. Jack Ehernberger is also doing some work on

to three-dimensional, turbulence. John Houbolt gravity waves and mountain waves. Marshall may
has been requesting this kind of data for years, get involved in the next year or so in a program
So we instrumented the B-57. Dennis Camp from to look at some strange things that happen near '
NASA Marshall is the overall Program Manager. the tropopause. It may mean an integration of
Wen Painter manages the B-57 out of Dryden. Bruce's work, Jack's work and some lidar work
Walter Frost is the guy who is analyzing the data out of Marshall.

off the airplane tc find out what turbulence is and ._
how to use it in design and turbulence simulations. I should talk briefly about the runway problem

Jack Ehernberger is involved in the research mete- because heavy rain, snow, and slush on a runway 'i,_orology at Dryden, and is trying to help us figure can create a severe hazard. We have a program
out where to fly the airplane. Since we flew in the with the FAA to determine if there is a correla- 7

JAWS Project, we will be looking at the remote tion between airplane tire friction and the friction
measurements of wind shear obtained by an in. you might measure from a grotm_ device. We are
frared radiometer to look at the change in temper- trying to develop that relationship to determine if
ature from a few yards in front of the airplane to a useful and reliable ground-test vehicle is a fair

three miles out. We will be looking at the change estimator of the change in performance that an
in temperature over these two points. A lot of folk air_raft experiences under certain conditions. We i
say that if the temperature changes, it has to be a have done some intersting work with our own Boe-

measure of wind, especially in convective weather ing 737 at NASA Langley, and we are going to
with the cold outflows. If the temperature farther try to do some more with the FAA-727. We have

out is getting colder than the temperature close about 450 data runs right now at Wallops with
by, there has to be something bad out there, various kinds of simulated rain. We have 400 runs

from four grounhd devices and 50 runs from the

That takes us into the JAWS Project. Every- airplane. It is something we think a pilot can use
_ one knows what JAWS is because we have talked in an operational sense. We have a long way to go
, about it for the last couple of years-the Joint Air- front here, but we think we can get something out

38 _'
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'/ of it. Since the FAA has asked us to do it, we are aturcs, there can be a fuel savingt_ of 2 - 4 per-willing to try, The work in heavy rain will be fin- cent. The problem then becomes how to handle
ished next month; through the next year, we will all the information the meteorologist would re- '
begin our work on snow and ice in the NASA-737 cover. Thus we deve I Jped the MERIT Program,
and FAA-727. where minimum roe . _"e taken through interne- ,

tire teclmiques to coil. et a whole set of different
We have discovered that if ymt run the INS data data bases, integrate ;hese, and use them. You

' through a GOES satellite and analyze it, you can don't want them plotted because the whole idea
_' qualify the winds, temperature, altitude, longi- of MERIT is to have the meteorologist get better

tude, and latitude and compare them to the fore- weather information ao flight planning can havecast in the ASDAR. We found out that with more accurate 2 - I2 hour upper-air forecasts every three
_ '_ intelligence in real up-to-date winds a_d temper- hours.

il

t

_r,

?
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r _ADYERSE WEATHER IMPACT ON AVIATIQN SAFETY, INVESTIGATION AND OVERSIGHT" :_ '

CDR Most J. Smith, USCG _

N8 6 - 1 1 7 4 2IJSCG Air Station

Elizabeth City, North Carolina

Good evening, ladies and gentlemen. I am deeply My co-pilot and I carefully planned the 450-mile
honored to represent the more than 5,000 dedi- non-stop flight from Kodiak to the scene, silently ',
coted young men and women who serve human- thankful that the well-equipped airport at Cold
ity as pilots and aircrewmen in the United States Bay was within 50 miles of the vessel and would

• Coast Guard. I'd like to spend the next thir'y be our ultimate destination. Weather conditions
minutes telling their story by borrowing on ,y and darkness combined to paint a bleak picture.
own experiences. I hope to be able to entertain After takeoff from the tiny haven of oar bus, the

and inform you. I don't have a heavy message HH-aF seemed to he swallowed up by the forces
to impart, but I'll close my talk with a few per- of nature; we were in the belly of the whale. Our

, soual observations which do not necessarily repre- route of flight took us south of the Aleutian chain,
sent the official views of the United States Coast island-hopping from Kodiak to the 'l_rinities, past
Guard. the Semidis to the Shumagius at altitudes below

Before I begin, let me acquaint you with a few 1,000 feet to avoid airframe ice. A strong, north-

facts about my uniform, which will help you to west gusting wind produced moderate and occa- •
enjoy one of my _sea stories _. I wear the naval sionally severe turbulence. Eye fatigue encoun-

i aviator's _wings of gold", as do all Coast Guard tered in scanning the flight and engine instruments
! pilots, regardless of their source of training. I also prevented either of us from flying for more than

own a bunch of service ribbons, or what we call a half hour at a time. Snow showers filled our

;. "gedunk" ribbons {expert rifle and pistol, "I was radar scope and occasionally obliterated echoes
alive in '65", unit commendations, and so forth), from nearby land masses. A ninety-mile open ocean
I've never been to a shooting war. I suppose the leg of our trackline required DR navigation, since
only enemy I've ever confronted in aviation was LORAN A coverage of the area was inherently
weather. I have, on two occasions, been the reeip- poor. It seemed like an eternity before we acquired
lent of the Air Medal for "medtorions achievement those islands on radar.

in aerial flight _ in action against the weather en-

= emy. In retrospect, I'm not sure the Coast Guard After about two hours, I became intrigued by oc- ,
should decorate those who have tilted at such wind- casional glimpses of moonlight and stars through

mills. We may be encouraging a _Deer Hunter" _holes _ in the overcast. My curiosity overwhelmedi :

mentality among these airmen, me, and I asked my buddy in the _herk" what type
of flight conditions he was experiencing upstairs.

I'll have to admit that I'm very nervous, surrounded He said he had broken out at 6,000 feet into "VFR
by such an awesome assemblage of scientists, avi- on top _ , and had established an orbit over the dis-

sties industry representatives, and managers d tressed vessel at 10,000 feet. _i.

the National Airspace System Plan. I've literally I felt certain that we could escape the incessant _
wracked by brain for a good weather joke to use
as an _icebreaker _ , but I came up empty-handed, jolting by mechanical turbulence if it were possible
Instead, t thought maybe I'd relate an incident to climb above the _lee" of the Aleutian terrain.
which occurred several years ago up in Alaska. It's The O-130 obtained our clearance from Anchor-
a true story, there's a moral, and I can laugh about age Center, _nd with the appearance of another
it...now. _hole _, we started to climb.

Once up,u a lonely mid-winter night, a U. S. fish- The next few minutes were rather spooky. Both
'_' ing vessel broadcast a MAYDAY, reporting a steer- engine anti-ice caution lights illuminated, an indi-

ing camtalty which seemed to indicate that within cation that the systems which served to heat the
a few hours the boat would be driven onto the air intake path were being thwarted by the minus ,,
siorth shore of Unimak Island hy an intense Aleu- 20 degree Celsius outside air temperature. Biting

_ tian storm. A (',-130 aircraft, piloted by a close my lip as we passed 4,000 feet, I tried to take some
friel,t nf mine, quickly departed from USCG Air consolation from the fact that the low temperature
Station Kodiak to locate the distressed vessel, stand should prevent ice accretion. The fragility of our

; ready to airdrop survival equipment, and act as a situation dawned on me with another rush of re- I

I "imthfil,h.r _ f,,r my helicopter, alisation that we were hlmdreds of miles from an
C J !

i
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airport nerved by navigational or approach aids, For my part, I ha_l abandoned all hope of proceed-
thousands of feet above a holtile ocean, dodging lug directly to the scene without first stopping to
turbulence and icing, at night, in, qlfite parenthet- refuel at Cold Bay. After four hours of Imcking
ieaqy, a helicopter, headwinds, ,mr fuel remaining was becoming crit-

ical.
Now, I think we all recoguiT.e that helicopters have

come a long way since their inception as a col- The Flight Service Station at ('old Bay reported
• lection of aircraft parts flying in close formation. "ceiling indefinite, sky obscure'd, visibility less than

The pilots who fly these machines are, however, one-eighth of a mile in a blowing snow, winds
_ to quote ABC news commentator Harry Reasoner, northwest at 35 knots gatsting to 50". As we up-

"brooding introverts, anticipators of trouble who proached Deer Island, the initial approach fix for

"' know that if something bad has not happened yet, the back course iocali_,er approach to runway 32,
it is just abol_t to." They even sit in a weird man- my co-pilot and I discussed our options. The back
her, all hunched ove_"the controls and squinting in course approach would be quicker to execute, in
the last great act of defiance. My evening prayers view of our fuel state, since we were conveniently
used to include Sikorsky Aircraft, General Else- near the IAF. In addition, our let-down to mini-
trio, and Collins Radio. It's always been hard to mums would be into the wind, permitting a slower

. accept the fact that the company whose engines groundspeed as we scanned for the runway envi-
kept me aloft for nearly 4,000 hours could also ronment in conditions of minimum visibility. A
burn my toast in the morning, significant disadvantage lie in the fact that the

_, nonprecision back course minimums were several •
As we topped the overcast and continued the climb hundred feet higher than those prescribed for the
to 8,000 feet, a sudden brilliant flash of light re- ILS to the opposing runway. Even at 200 feet AGL
fleeted off of the left side of the aircraft and into at the bottom of an ILS, we were hoping for a mir-
the cockpit. My eyes shot toward the engine in- acle. There would be insufficient fuel for multiple
strumen'_s and I asked the flight mechanic to view approaches. We opted for the approach by An-
the exterior for signs of a fire. I became totally chorage Center.
confused as our troubleshooting began to rule out
problems with the aircraft. The flashes of light As we approached the non-directional beacon in
seemed to be originating within the atmosphere to a descent to the initial approach altitude of 2,500
the west of us. Lightning was an almost unheard feet, we re-entered the clouds and began to bounce
of phenomenon in Alaska, particularly in winter, around again in the wake of nearby Parlor rol-
and we had never seriously considered it. cano, which rose over 8,000 feet. Turning out-

bound over the Bering Sea, I slowed our airspeed i
At about this time, my buddy in the C-130 called to 80 knots and timed for an interminable five rain-
and asked if we were enjoying the show. It turned utes to anticipate the awesome tailwind which we I
out that, in a weird coincidence, a dormant vol- would acquire on the inbound course. The de-

cano on Unimak bland had begun to erupt that pitted left procedure turn progressed well until i.._
night, sending a huge cloud of hot gases over thirty turning to intercept the final approach course.
thousand feet into the super cold Alaskan sky. The
resulting "light show _, featuring lightning cloud- My co-pilot suddenly asserted that I was flying a
to-cloud, was spectacular; I have never forgiven heading which would not result in the desired in-

_ii:[ my friend for his failure to forewarn me. tercept. I stifled a mental scream of panic. While

_i scanning steering information on the flight direc-
I guess I'll have to finish this tale, or you will be toe and cross-checking the approach plate, I re-

i_:_ forced to conclude that we never made it. As we cited old adages to "turn to and through to cen-
endured a quartering headwind sad approached ter the CDI _ and "the head of the needle will fall

Unimak Island from the east-southeast, the dis- and the tail will rise." My actions were defen-

° tressed vessel's skipper seemed to gain confidence sible, and my co-pilot conceded a perceptual er-
by the minute. He devised a phw. to back into ror brought on, no doubt, by terrific fatigue and
the wind sad sea, steering the boat with differen- stress. To this day, I admire him for verbally ex-
tial power from his twin screws and maintaining a pre:4sing doubt abou' the progress of the approach,
safe distance offshore until the arrival of a Coast because a healthy skepticism in the cockpit can
Guard vessel at daybreak, avert disaster.

44 _i'
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• .4 ....... . ,- •....." !
_, I slowed the aircraft to 50 kuots as we intercepted A short conversation with the C-130 ensued. He

' lhe localiser, but judged from the rate of descent agreed to remain overhead the distressed vessel r
required to remaiu on glide slope that our grQund- Imtil fuel state required that he depart scent, for "_

? speed wtmld be much higher than the no-wind Kodiak. A high-frequency radio at the Flight Ser-
_*" 80-knot ,_pproach spceds which I had frequently vice Station would enable us to monitor the vessel

practiced. At minimums, the so.pilot annmmced throughout the night in case the sitution began to .d

"rabbit _ in sight. I looked up briefly, but did not deteriorate and require us to hoist the fishermen '
i _*/ feel that the sequential high-inte_ity lights would from the craft. I told my buddy in the "herk"that ..;
, _ be sllfltcient vis_zalreference to grope for the run- only the most dire of circunistaaces could persuade :

way in the snow. The low-fuel lights were blinbing me to launch from ('old Bay. I was not at all con.
, ,f on in both main tanks, indicating 20 minutes of tinted we c,_lfld give a repeat performance of the

t fuel remaining. A missed approach was out of the approach sad landing which had just transpired.
, question. I dismissed earlier thoughts circling into At this point, my young flight mechanic, who had

" the wind after _breaking out _ at minimums. This been listening to the radio eonvensation, piped up
was one of those instances where you never truly on the ICS with the most astonishing statement I
"break out_...the reason why CAT II and CAT III have ever heard. He said, and I quote, _Oee, Mr.

. approaches were designed. Smith, you can put me over that boat before •if

,_ . daybreak, I can hoist all of those people and we'll ....
_ ; I told my co-pilot to stay visual and be ready to all get the Distinguished Flying Cro_s." I began

i take the controls while continuing to fly the local- laughing hysterically and could barely accomplish
l is_r and descending below minimums. AJ the he- the secure checklist. I still smile inwardly at any

_! licopter passed through 1O0feet AGL, the co-pilot mention of the DFC.
_ stated that he could see one set of runway lights

. going by at a time and could gain visual reference. The Coast Guard is a service steeped in tradi- '

_ i: I passed control of the aircraft to him, but stayed tion. We are the oldest _ seagoing ser-
, ' on the guages, ready to take control back in the vice, older even than the Navy, which was dis-

_i event he became disoriented. I talked him down banded between the Revolutionary War and the
in 10-feet increments on the radar altimeter until War of 1812. As an amalgamation of the Revenue ,I
just prior to touchdown, when something totally Cutter Service, the Lighthouse Service, and the i_
unanticipated happened. Lifesaving Service, the Coast Guard acquired an J

P

i unofficial motto which says, _You have to go out,
At about thirty feet or one-half rotor diameter but you don't have to come back._ Pride, _can- ;

above the ground, the helicopter enters ground el- do_ attitude, mandated readiness, and, a strongly |feet and begins to create a Scushion_ of air, which perceived moral obligation have combined to present
is hormally expelled behind the craft in an air taxi Coast Guard aviatioy, management with an ethi- ,
or running landing situation at speeds above trans- cal dilemma over the past few years. Should we, _
lr-tional lift. In our case, a cloud of dry, powdery or could we, ever say no in a sit,ration where flight " '/_
snow raced ahe_ of the helicopter and created a crew is likely to be subjected to the same risks as
_white-out" situation due to the tallwind, those whom we have _et out to rescue? Of the

many risi_ factors which characteri_e an elevated
I shifted my scan from the radar altimeter to my aviation accident potential, weather ranks along-

._ side window, where I could see the runway lights side material failure _ a random occurrence which
going by one at a time and talked the co-pilot cannot be programmed out through training or ,

_" down the final few feet to a surprisingly smooth testing alone.

' running landing. You can imagine the relief we• felt as the aircraft wu braked to a stop. I would describe the average Coast Guard avis-
" tot as a "weather-wise_ individual. Experience
:_ We encountered tremendous difficulty in taxiing has taught us that weather is our greatest adver-

i _ toward the parking ramp, and only succeeded by gary and that we will often be called upon to fly
using the lights of a cross runway to establish our when others do not. A sharp rise in Coast Guard

i location, and then relying on the airport diagram aviation's accident fatality rate during the period
and intimate knowledge of the field to move cau- front 1978 to and through 1981 is attributable to
tiously a few hundred yards, weather as a _factor_.
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_,: For instance ,me of our accident boards surmised in the cabin door, was abi,' t_ extricate himself

J: that a night ,ffshore helicopter crash which was from tht. aircraft and cling t, tlw n,,sewheel until
fatal to all f,mr crewmen was induced by pil,t fa- the ship pulled him aboard. The pilot, co-pilot, rn-
tigue and r,.aultant inadvertent tail rotor contact dictum,, and medic drowned during the attemlJtvd
with the water during a prolonged hover (,ver a ,,gross.

=._ distressed hoot. You haw' to go back and ask your-

_ self why the flshermrm was distressed in the first The following weather synopsis was submitted to
_i place. ,qecondl", why had the pilot become a vic. the board by Detachment 6, 26_,h Weather Squadron,
_. tim of acute short-tt,rm fatigue" The cause factor Pease AFB, NH:

was most certainly environmental.
._ During the weekend of 18-19 February, a cohl pc- t

!!_i In another c. ,e, one of our single engine helicopters lar air vtass was situated ow, r New England and

_- experienced an iuflight engine failure during a vi- the _ijacent coastal waters. High pressure een-

_. olem gale which lashed the Pacific Northwest sev- tered over Lake Huron, couph'd with a low een-eral years ago. The pilot successfully autorotated ter situated in the Canadian Maritime Provinces,

the aircraft to a crash landing in mountainous were producing strong northwesterly flow from the

seas. The helicopter quickly rolled inverted, but surface up through several thousand feet. This .
_=_" all three crewmen egressed into the open ocean, flow resulted in the advection of cold polar air from
_-_ Cast apart and driven over a nule to shore by the central Canada to sew_ral hundred miles offshore.

_..: breakers, two of the three miraculously survived.
:._:_ Again, little doubt e_sts as to the environmental The high centered over Lake Huron moved east-

ward to northern New York State over the fol-_.., " impact on this accident, although weather did not
_,_' cause the engine to fail. lowing twelve hours. No significant intensification

was noted. During the same time period, the low

I would like to share with you a few of the facts sue- located in the Canadian Maritimes drifted north-
.' rounding a fatal air, raft accident with which I am eastward. The surface wind pattern remained es-

_: intimately familiar. I was the member of a board sentiaily constant during this period, with the flow
_ which investigated the loss of an HH-3F helicopter being from between 300 and 330 degrees. AI-
=_ 210 nautical miles southeast of Otis ANGB, Cape though little weather data is available in the viola-

Cod, on the night of 18 February 1979. A Japanese ity of the accident, the synoptic pattern suggests ,
• longliner, the Kalsei Maru 18, reported a crew- that northwest flow existed out to at least 300 NM

man suffering from head injuries and lacerations offshore.
sustained during a fall earlier in the day. Medi-
cal evaluation was impeded by a troublesome Ion- Based on available coastal wind data, the winds

::" guage barrier and a lack of voice communications in the vicinity of the crash site were most proba- ,i
with the ship. Rescue Coordination Center Boston bly between 26 to 40 knots, gusts included. Ev-

received CW transmission of phraseology from the ideate to support this velocity can be found in 'i, "_
International Code of Signals in morse code de. the attached data. Nantucket light vessel reported
scribing the patient's condition. After medical winds of 320 degrees at 20 knots. Winds for the
evacuation was decided upon, the vessel's exact same time at Matinicus Rock were reported at
position could not be established. Since the mis- 30 knots. An earlier ship report in position 44-
sion reouired that the HH-3F be flown to its may 20N/66-30W gave the wind as 360 degrees at 35
imum range, two aborted launches resulted from knots.

,_ uncertainty over the position. Coastal stations in New England were reporting

The helicopter departed the air station at 0312 1o- clear skies. However, low overcast cloud condi-
cal time on 18 February, arriving on scene in a ,ions were ohserved over the ocean, based on satel-
hover at 0t/02. At approximately 0515, while en- lite information. As the cold arctic air ptmsed o_rer
gaged in an attempt to delive_ a stokes litter to the the relatively warm waters offshore, an exh _ive
Kaisei Maru 18, the helicopter suffered an appar- area of stratocumulus cloud_ developed. Past ex-
ent partial power loss and was ditched alongside perience has shown that this type of cloud for-

_ the vessel. As the aircraft's rotor blades came in motion has bases between 1,000 feet and 2,000
contact with the seas, the helicopter was wrenched feet. Satellite pictures _,how the tops of this ex-

: violently into an inverted position. The hoist op- tensive overcast region t._ be approximately 4,000
•I erator, who only moments before had been poised feet. The area of cloud coverage extended from
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just .if OalW Cod to the o_tward and from _outh- sel'_ positi._t mid a headwind component oJ_ th,.
' WeStern Nova ,'%otis southward t() appr._ximately return leg,

3I ,h'greea north latitude.
Wh,'n a few of my fell-w l_i]-t_ h.anw,l that 1

i ()ff_h_r,. _urf_w0. vi_ihiliti,._ I,,'tw,'en ( ;ape C_d and would I)e attvliding yfmr wclrk.h.p, tlwy said, "Hey,
the cl _Jt _itv are vst,intatvd t. have I)eelt M)pr,,xi- tell them we m'ed in.re infiwmati-n .n the wvatl..r

mat,.ly t3 NM, with ia.h_ted ar_,_ having les_ thmt l,,atnrvs hvtwe,'n the m'a .urface an,I, h.t'_ MJty,
I NM in mmw Mh-w,.rs m.! m_ow :_qnalh, It, hal]lain 2,()11_) fvvt. _ Tlw truth i_, m,._t I hm_t _'uard ifi-

i (MA} r_lar r.l.,rte,i a ratlwr large area of r_lar I,,ts haw, it pretty g.{.l ntvntal pictnrv .f what
veh,.'a resulting fr.m ma.w nhower twtivity, A ship t. expect at the inh'r_acv lwtween either the m'a
I,watt.d at 44-21_N/66-31)W rvp.rted visibility at, 1- .r land, givvlt _tvertain m't of imralll,,t,,r_. What
1/4 NM in mod,,ratt, su-w with low .vvrcast con- is n,,e,h'd is a _,raldtic p-rtraya[ .f them' era.lie
diti"ns'_ tt-ns f-r ,h,cisi,m-mnk,.r_ who ,'laploy aviati-n re-

,_ource_, Why nhouhl the pilot I.' f.rce,! to "poke
; As a lnattvr of interest, this synopsis was eorr.b- his nose iu it', instead?

orated time mtd again by witnesses who appeared
, before the board. The :a_tcr of the Kaisei Maru

7 : 18 gave the following account: As stated in the book _, weather is
_-_ a local phenomenon. Local knowledge and expe- •

The helicopter _rrived in the vicinity at 0045 GMT, rience should be combined with _ detailed fore-
i* _ but actually proceeded to the location of a similar c_t to * lute a better mental "picture _ of thei

, vessel alq)roximately six miles away. (The m_ter weather, x'he intent is not for the pilot or dis-
?

i,- assumed this because he identified the helicopter Imtcher to exploit advantages resulting from illl-
_, tm a fast-moving target on his surface radar). The prow_d weather sense; on the contra_, a conserva- i
[- wind was from the northwest at 20 knots and the tive decision can be formulated around this win'i- _1:

sez_ from the _mue direction at 2.0 to 2._ meter_ m hess. I rentember years ago ferrying helicopters

; height. The visibility varied in heavy snow 0how- acr,_ west Textm on the _southern ferry route".
; era, but the master knew that it was frequently Approximately 150 miles e_t of El Paso, corn-

at le_t two nautical miles, because later he could manding a view of the southernmost portion of
see the other fishing boat (to which the helicopter the continental divide, is Guadelupe P_s. Even
had originally flown) and confirmed its range on though I had never experienced turbulence in a
radar. The snow w_ of powdery consistency. Vi_- helicopter, the "old hands" cautioned us never to
ibility w_ restricted by fog forming.iust above _he cross Guadelupe if the winds at the RCO were
sea surface. Free air temperature was measured at indicating higher than 15 knots. It seemed like
nfinus two degrees Celsius, and sea water surface reasonable advice, possibly written in blood, and
temperature at 13.2 degrees Celsius. 'JThebarom- I would observe it today without question.
eter read 1040.5 millibars.

We should do away with _special VFR" for all ex-
Of particular interest to the board was the pilot's cept aircraft involved in emergency missions. I'm :1

decision to fill all of the helicopter's fuel tanks sorry, ladies and gentlemen, but if you don't have
to the m_atimum before departing on the mission, an itmtrntnent ticket, you shouldn't be out there
With the denign of the helicopter's fuel system in flailing around in IMC. Yes, to avoid inconvenience,
mind, a full fuel load would, under any set of en- a great numLer of precision approach aids will
vironmental conditiom, result in the zfirer_t be- have to be established at small airports around
ing above the m.xxinnmt certificated takeoff gross the country. And too, positive control will have
weight. Since the helicopter had been fueled from to be exercised, if not through additional control
a JP-4 truck which had gradua'ly "cold-_oaked" towers, then at ie_t remotely. All of this will tax
to the lilinll.'_ fifteen degrees Ce;Mus temperature the air traffic control system, but when the ceil-
which existed on Cape Cod, the aircraft wan a ings coins down and visibility shrinks, we can't se-
whopping 12(10 pounds heavier than perntitted at riously be expected to _see and avoid" each other
takeoff. Although not a cause factor in tile ac- (mad ground obstacles)while squeezed below 1,200
cident, this "mtditional finding _ highlighted the feet AGL.

ilnl)ortance this lfii-t att._ehed to fuel sufficiency
when contemplating ,, hmg offshore mission, par- Circling approaches are a mlcker play, particularly
ticularly one which fehtttred tmcertainty of the yes. in approach category C, D, and E aircraft. Have
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you _ver trird t. maintain circling altitude and elertr.nically disect it:, display it in pulsating r,_l-

_*ir_l_rrd while lighting t}.' effects .f vertig., tar- .ca, _u.l lhen tcq. it. They Mur_ly d.n'! wa.t t. I-'
|ml,..ce, prt.ripitati.n, and tht, like with.ut exo h-'J,_w,'.it'.,',',t I,y it,
eredi,lg 311 degret'a _m_l," .f IJ_ulk't ltave y-u rt.-

ally m_taged t. ke*'ll the ru.way ,'nvir-nment in I re.all ]aundfinv, .ut ,,f _;,q.. t_,.! t. re,arch f.r

mght't ('all y.u really expeL't tl.' hnttom cd aJt a t,,,m .vert,,m,,I n_.,tr B,,Mt.t, durml-: .he .f the

.ver,'_t t. he l-'rfe,'t, ly r.l_st_a,t in nItitud,"{ w.r_t summ,.r _l,,_li li.rs l,, tr_t_,,,rMe lhe New
F.ngl.,.! r,,m_t i. yearn, Aft,.r l,'vel ,Jff *reI,_)_) f,'et

All .l.'rati.nm .h.uhl r,,am, iLt at, airl,-rt whh'h i. .v,'r _ :ape ( h.d linty, w,' w,.r,, surf.re.led I,y light-

t'xi.,rienring h_w-h,w'l wind M..ar. I h'arned my .inv, in all q,mdrnalts, The r_lar wa. t.tally um_,-
h'ss.l_ .vl.r the ('ulf -f Alask_t while I-'*-'tr_di,,g l_'_s, sis,c,' t}.' inl,.nail, y .f ._arl_y c,.lis eltrrliv,'ly

"r-ll cl-udn _ n,,ar the lilt_l, .f a_t imhe,lded t.hun, att,,'n*tated radar si_tal._ at a gre.ater rnngt.. The

d,,rmt-rm al f_()Ofeet, I,_)rtttnatrly, *,he aircraft, en- I.'st we c.uhl d. was ),_,_,g -st, At -I.' l_*illt,, II1_,'

r.u.tcr,,d a m_w're t,i.lr,fft resulting iu a climb .f radi, mu,_t t_k_'d n.' wh_d, w.,d,l lmlq-'tt if light.
2,000 h,et iwr minute with colh'ctive pitch at a sing struck the h_.licoi_t,,r. ! r,.memh_,r,,d h,'arinl¢

minimum. The aircraft yaw,'d 180 degree_ t- tl,e _d.mt a Kaman !!H-43 helie.im,r -,hich disinte-
right with full I,,ft lwdai aitplied. My ti_st Op- grated Mter a li_ht.ing strike near MacDill AFB

eratiotts Ollicer, (]DR Frank Silvia, was lost on many years ag,. I recalled ,_lso sitting through a •

Enters Airlines Flight Get when it encountered traininl¢ session where an older, more experienced,
LLWS ycar._ ag- in th,, first: commercial accident pilot described a helicolm,r struck by lightning as

i attributable to this phenomenon. Let's recognize a giant arc welder. The point is, I still have abso-i ;
it. hxt_'lyno ide:, wha_ happens when a helicopter is

stnwk It)"lightning, but the thought is very asset.
Pilots will uever probably fully appreciate the forces sling. I give thunderstorms a wide berth for that,

of nature or the potential for destruction. Indeed, and many other, reasons. I told the radioman mtr

in this computer age of ,iig_.tal electronics, there static discharge wick_ on the horizontal stabilizer
appears to be a greater iml,xtie_ce with weather could handle it. Thank you.
than ever before. Pilots want to graph it, map it,
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N86-11743
_A NEW CHARACTERIZATION OF THE ICING ENVIRONMENT

BELOW I0,000 FEET AGL F_IOM 7,000 MILES
OF MEASUREMENTS IN SUPERCOOLED CLOUDS _

, Richard K. Jeck

Thi_ is a report of accomplishment in response to percooled clouds at altitudes up to I0,000 feet
a growing requirement over the past decade for (3 km) have been computerized at the Naval Re-
a xxew assesement of aircraft icing conditions in search Laboratory (NRL) to form a new dat_ base
wintertime clouds at altitudes up to about I0,000 for low-altitude, aircraft icing applications. Half of

. I feet. The requirement has been documented in the data is from the National Advisory Committee

! past workshops [1-5], _d comes primarily from for Aeronautics (NACA) aircraft icing studies of
the helicopter community which wants ice-protected 1946-50 where ice accretion on rotating multieylin-
rotorcraft to meet increasing demands for _all- ders was the primary measurement technique for
weather _ operations. Currently, only a few of the LWC and droplet si,.e. The other half is 5'ore re-

d

larger helicopters are equipped wi_h certification cent research flights by the NRL and other organi-
' of ice-protection devices. This is because the cur- zatlons using optical, cloud droplet size speetrom-

rent FAA criteria for design and certification of eters manufactured by Particle Measuring System_. •

i ice-protection equipment results in power and pay- These measure droplet sizes, with LWC recorded
load penalties that smaller rotorcraft cannot tol- droplet size distribution. A complete description

_ crate. The FAA criteria (promulgated in the Fed- of this new data base and a number of analyses of
-- eral Aviation Regulations, Part 25 (FAR-25), Ap- the data are contained in a report [6] to the FAA,

pendix C) were actually designed for large, transport- the sponsor of the project.
category aircraft capable of flying to 20,000 feet
or more. For this reason, there have been con- The principal conclusions are:
cerns that the current criteria may be too severe
for low-performance aircraft, such as helicopters, 1. The NACA and modern data _enerally

which generally operate at altitudes below 10,000 agree in most aspects, indicating that the NACA
feet. data are accurate and reliable except possibly for

indicated droplet diameters larger than 35/_m.
The aircraft icing hazard comes from the fact that
cloud droplets generally remain liquid even at tern- 2. The _intermittent Maximum _ and _Con-
peratures several tens of degrees below freezing- tinuous Maximum _ graphs (envelopes) in FAR-
a condition called supercooling. These droplets 25, Appendix C, do no_.._tcorrectly describe the is-
will freeze practically instantaneously on a p_ssing ing environment in the altitude range from 0 to
aircraft, however, and form ice on exposed sur- 10,000 feet AGL. The differences are in the fol-

faces. The amottnt of ice depends primarily on lowing items: ,_
the amount of water, or the liquid water content
(LWC) of the droplets, the size of the droplets, a) Maximum values of liquid water content. _i
the temperature of the aircraft surfaces, and, of
course, on the horizontal extent of the supercooled The maximum observed LWC of 1.1 g/m s for layer
clouds along the flight path. Information o_ the clouds below 10,000 feet AGL is about 50_ larger
natural occurrence of these variables is obtained than the "Continuous Maximum _ value of 0.8 g/m s

from research flights through subfreezing clouds. (Figure 1). The maximum observed LWC of 1.7
g/m 8 for convective clouds below 10,000 feet AGL

The current FAA criteria in FAR-25 are based on over CONUS is about half the "Intermittent Max-

research flights undertaken about 35 years ago. imum" value of 2.9 g/m s (Figure 2).
Recent advances in cloud physics in, _rumentation
have, therefore, prompted calls for new measure- b) Upper and lower limit to the median volume
ments and for a re-evaluation of the old data for diameter (MVD) of cloud droplets.

accuracy and reliability. The net requirement is
for a reliable, range from ground level to 10,000 The Continuous Maximum and Intermittent Ms,_-
feet. imum envelopes extend to MVDs of 40 and 50/_m,

respectively, as is indicated by a few of the NACA

In response to thi_ requirement, about 7,000 nau- data points (Figure 3). However, the modern mea-
l tical miles (NM) of airborne measurements in su- surements show no credible MVDs larger than su-
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pereooledclouds'below10,000feetAGI, (Figures 2.0 ' ' L - '_ \' ' '

i ! and 4). The few MVDs that are reporte_ to
..+=' be larger than 35pm in the NACA data :we ques-

tionable in view of the assessment by the NACAresearchers themselves that large MVDe are likely 1.5

to contain large positive erron_ due to limitations

._ of the multicylinder technique [7]. Also, neither

_ i of the FAR-25 envelopes extend to MVDs below iI 1.615pro,althoughthe NACAand modernmeasure-
+_. + meritsindicatea large fractionof MVDs between

_+? 3 and 15pm, especiallyfor layerclouds.

i+ + In ade]ition, the present analyses reveal temper. _ ___ i
ture dependences of MVD that are not conveyed in r¢"

_,,i the FAR-25envelopes. The modem data demon-strate that the _to MVDs in ]av_i: clouds
_ decreases from about 35pro at 0 ° to 15#m at tern- 0. 0:: , _ I_ I_ 2_ 2_ 3_ 3_ 4_ 4,155 •

_ , peratures below-20°O (Figure 4). Both the NACA

i and mode:n CONUS data show that for eonvec- MEDIANVOLUMEDIAMETER(urn)
[ tire clouds, the _ MVD erJ_ibits the oppo- Figure 2. Scatterplot of observed LWC, MVDcombt-

site beha_or and _ with decreasit-g tern- nations in the modern data for supercooled

_: :_" perature from about 15pm at 0 ° to about 30pro at convective clouds (Cu, Cb) up to 10,000
feet AGL. A total of 960 data miles is

' about -17°C (Figure 5). The modem upper limit represented in this graph. The Intermit-
tent Maximum envelope from Figure 4 of
FAR 25, Appendix C is superimposed for

_ 2. 0 ......... comparison.
m - MRI

z:+-_" Yn " NRLU"MVOMlNt_
i' w - U. N_SHINbTCIN

e - USAF/AF_L 2. 0 , , , , , , , ,

• _ 1, 5 c - LAMP (U. Clermont, France)
o - NACA, 1946-19.%0 m - MRI

y - U. WYOMING C) ffi15-21Rnmi 'e NRL '"
p.... rtlynwcIco " 15-21Dnmi
Z myr'twcIco- IS-l_i _ w - U. NASHINGTOH 0 ffi |B-ISnmt
I.I.J m)lr_wac'o- _-III_ a - USAF/AP(,L 0 t,, _-l_-_m_ i

• -w_.,.-N-,_ _ 1.5 c - LAMP (U. Clermont, France_ __Z o - HACk, 1946-1950 e- I-_I ,

(i_ ";•..'- ,
eli ,

I-" Z

9.5 e

0.5

ME( AN VOLUMEDIAMETER (urn) I "
Figure I. Scatterplot of observed LWC, MVD combi- 0. 0

nations in the modern data for supercooled
layer clouds (St, Sc, Ns, As, Ac) up to
I0,009 feet AGL. The various plotting MEDIAN VOLUME DIAMETER (urn)
symbols represent different data sources
as indicated in the key. The size of each Figure 3. Scatterplot of observed LWC, MVD combl-
symbol is proportional to its statistlcal nations in the NASA data for supercooled
weight (i.e., the observed horlzontal layer clouds up to 10,000 feet AGL. A
extent of the associated icing event) as total of 2565 data miles is represented
shown by the scale above the graph. The in this graph.
Continuous Maximum envelope from Figure I

:: of FAR 25, Appendix C, is superimposed fori

;j comparison, i
i 52 i ""
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!:I: 56 m - eel....... to MVDs for convective clouds remains at about

45 _ - u. wvom_ 35/_m over the observed temperature range, how-
. IIPL ever.e - U. NAC,HIH_TOII

'' _ 4_ . - USAFIAFGL

"_' c - LAIqP (U. Clermont, France) C) Low temperattu_e limit_.
_w r,. 35 o - NACA.X_46-1_0

t--
:. ,., Minimum temperstures observed in either the NACA
".I ._ 36 or modern data below I0,000 feet AQL are -17°C

25 for convective clouds (Figure 6), sad -26°O for

_f _r 26 16

> 15

< 16 | " T_-. m. 18

. 6 I "" |

) ' Figure 4. ScatCerplot of MVDvs. OATfor modern
)'_ data from supercooled layer clouds up I _ - iJ__vomlNo y ,,l
_" to 10.000 feet A_L. The solid line I - - u. ,ASH_,OTU, _

- bounding the data points represents the I • - USAF/4FOL
apparent upper limit to MVDover CONUS I e - LAMP(LI. Clermont, Fren©e) I _(
as a functionof temperature.A total _l o - N,aCA,_,s_e-_s)o , , IB !$
of 2565 data miles is represented in -30 -25 -2i_ -15 -li] -5 i] .i

_ thisgraph. AIR TEMPERATURE (deg C)

Figure 6. Scatterplot of icing event temperatures
56 ..... vs. altitude for NACAand moderndata

m - me_ fromsupercooledconvectivecloudsup to

4_ Y " NRLU"NYOMIN_ 10,000feetAGL. A totalof 1545data
.-. milesis representedin thisgraph.

I= w - U. NA_HINOTON
46 ° - US_IF/&FGL

w_, c - LAMP (U. Clermont, France)

,v 35 o - ,_c_. xs_s-,ss0,. layer clouds (Figure _). That m, convective clouds
P" appear to be completely absent at temperatures,., ,z 30 less than about -17°0 at altitudes below 10,000 •

< 25 _' _' )/ _ ; feet AGL. Nearly all layer clouds with tempera- _'
uJ tures below -17°0 were found in the vicinity of

_ _, k the Great Lalxe_ in January. These coldest layer "',
_ clouds were found at ,altitudes between 4,000 sad *
> 15 |• 6,000 feet AGL, (i.e., _]I clouds sampled elsewhere ',

" Z
< [6 at higher altitudes were all warmer). _.l.--t

,' _¢ 5 d) Horisontal extent specifications.

' .... A review of the literature reveals no standard def-

-36 -25 -26 -15 -16 -5 0 initionofhorizontalextent sad, therefore, conf.-
AIR TEMPERATURE(de9 C) ingandiuconsistentimageof "horizontalextent"

- information occurs in practice. When horizontal

Figure5. Scatterplotof MVD vs. OAT formodern extent is defined msthe duration of uniform cloud
data from supercooled convective clouds interv_s (icing events) u u_ed in this study, the
up to 10,000 feet AGL. A total of 960 following results are found. Hori_.ontal extents of
datamilea Is representedIn thi_graph, up to b0 NM have been observed (in updope cloud
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3 lPi traversedconsecutivelyuntila cloud -

D s|I" " eS gap of 1 NM or more is reached. Thehorizontalextentof the encounteris the
• " _J sum of the horizontalextentsof the corn-
ts B '_,< ponenticingeventsbut doesnot include

the extentof permissiblecloudgaps.
< "2 Y _ Dataare for all supercooled cloud types

at altitudesup to 10.000feetAGL. A
"_ _' 6 _ ,ntalof 3645datan11lesis represented

_ e_ in thisgraph, The curvedllne is the

o_ 9gthpercentileof horizontalextentfor4 " thes encountersas a functionof average
- ,_ LWC.

,c l--

2 _ 3. A new characterization can be made to
< replace the F)_BL-2$envelopes for altitudes below

I0,000 feet AGL (Figure 9).
9 9

- -39 -25 -29 - 15 -19 -5 B The main features of the new characterization

AIR TEMPERATURE(deS C) are:

Figure7. Scatterplot of icingeventtemperatures a) Simplicity: a single set of envelopes will suffice.vs. altitudefor NACAand moderndata
__ from supercooled layerclouds up to
- 10,000 feet AGL. A total of 5215 data Although it is instructive to distinguish between
" mtles is represented in this graph, layer and conwetive clouds for scientific analy-

ses, there appears to be no compelling, practical
over eastern Colorado and western Kanns), but reason to do so for icing certification or design
90% of all cases are shorter than 1GNM and G0%
are shorter than 5 NM. M_mum horizontal ex-
tents decrease with increasing LWO, but all val- _" _ .........

ues of horizontal extent up to the maximum are oOCobserved and the shorter events are most common
(Figure 8).

_ 1.5

; l =-
tJ t . - M_L t 1BB_j

| w - U. NASHIN_TuH | ,-4 Z
° L. a " U%AF/AFGL | B ]° _

F_ ° - u,.P ,o. _,...o.t, '...°.,/

6.5

o t,, -o
•.. , • _ 9.6

__ _19._l 9.5 J.9 1.5 2._ Figure 9. a m ndMVDcombinations observed in supercooled

AVERAGELWC (5/m_ clouds at altitudesup to lO,O00feetAGL. The curvedlinesrepresentthe
approximateextremevaluesof LWC and

Figure8. Scatterplotof modernobservedhorlzontal MVD observedin any supercooledcloud
extehtsof entireicingencountersvs. icingeventup to 10,000feetAGL over

i averageLWC overthe encounter. In this CONUSand up to the temperaturesindi-
figure,an icingencounteris definedas cated. The curvesare basedon about

a seriesof one or more icingevents 7000NM of n_easurements.
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criteria a long as there a_ ¢_mpanion guidelines J[_,_,Xtllf,n
which specify horizontal extent requirements as a

t function of LWC. A new, single set of "icing en- 1. Aircraft lein 0 Report No. NASA 0P.£086 and
velopes" (i.e., temperature dependent contours of FAA.RD.78.103 {lY79), pp 73, 94. {A _ork_hop
maximum LWC vs MVD) can be established u in held at NASA/Logic, July 1978).
Figure 9 for both layer and convective clouds to-
gether s_ a unified description of the overall icing £. Final Report: HAA, FAA HE[,ICOPTBR

. environment for altitudes up to I0,000 feet AGL. WORKSHOP PP 8-10; PP £.5 o/the Weather
This envelope would specify extreme LWC, MVD Workshop section. [An un.numbcred report on a
and temperature criteria for both design and fliKht woduhop held in Wasl_ngfon, DO, Oct £3.£5, 1979).

;' test purposes, but information available elsewhere 3. Procee_ngt: Second Annual Wor.bhop on Me.
; _ in Reference [6] would be needed to guide the se-

lection of practical test points for in-flight certifl- teorolog_cal and Environmental Input, to A_a_onSllatem, , W. F_oJt and D.Oamp, ed_. Report No.
cation checks. For this unified set of envelopes, the NASA 01'.£057 and FAA-RD.78.99 (1978), pp
maximum LWO will range from about 1.7 g/m s at 19g-199.
0° to about 0.4 g/m a at temper_ture_ from -20°C

Proceedings: Fourth Annual Worl_hop on Me.
to -30°C, the upprozhnate lower limit of cloud tel-orolog_eal

"i_ temperatures below I0,000 feet AGL. and Bnv_ronmental Inputs to A_a_on

S_ter_ , W. Frost and D. _amp, e_. Report
h) True representation of MVD extremes and their No. NASA _P._13_ and FAA.RD.80-O0 (1980),
temperature dependence.

pp 3o,_44.
Minimum M'v'Ds will be about 5#m st all tern- 5. Proceedings: Fi/_ Annual Workshop on Me.

i:_ peraturcs. Maximum MVDs will be about 35pm Scatological and gneironmengal lnpu_ to Aoia_on
from O°C to -_O°C. At -20°C, the approx/mate $_atem_ , D. Oamp and W. _o_t, e_. Report

i temperature below which no convective clouds will No. NASA 0P-_10_ and DOT/FAA/RD.81/07
be found at altitudes below 10,000 feet AGL, the {1981/, pp 118, 1_0.
maximum MVD drops abruptly to 153m. I

i_' £ A New Da_a Ba_e o/Supercooled Cloud Vari.
i ,

c) Clarify the meaning and usage of _horisor, tal ab/es for Altitudes up to 10,000 Feet A_L and the
. e_ent? Implieationo for I,o_ Altitude Aircraft Ivin_. R.

_ K. Jeok, Report No. DOT/FAA/OT.83/_l and
Distance criteria should be re-defined by relating NRL Report 8738 (1983).
them directly to measured horisontal extents of

definabl¢ icing _encounten _ (i.e., series of one or 7. A Probability Analysio of Meteoroloo_eal
more icingeventsseparatedby distanceslessthan Faetor_ConducivetoAircraftleinoin the United

some _pee_fled limit, such as 1 NM, for example). 8tares, W. Lewis and N. R. Bergrun, Report No. "_ ._
NAOA TN £738 {105/_), P. 17.
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_i "A NEW CHARACTERIZATIOI_"O_ _UPERCOOLED CLOUDS "

BELOW 10,000 _ET AGL"
Charles O. Masters

The New Characterization

_' I The current atmospheric icing, supercooled cloud
, criteria for the design of U. S. civil aircraft ice The new characterization uf supercooled clouds

! protection systems and equipments is presented below 1.0,000 feet AGL is presented in Figure 1.
. in Appendix C of Federal Air Regulations (FAR) ha essence, it combines both layer and convective

i Part 25 [1]. These design criteria are based upon clouds, and encompasses three ambient tempera-

data developed by the National Advisory Corn- ture (Ta) dependent icing envelopes of 0 to .15° C,
mitres for Aeronautics (NACA) in the late 1940 -15 to -20° C, and -20 to -25° C. A_ssociatedwith
to early 1950 time frame, _nd were intended pri- the two colder icing envelopes are cloud horisontal
marily for large, high-performance, fixed-wing air- extentn (durations) of 20 nautical miles (NM), and

....- craft of that era. They encompass both layer and for the icing envelope of the warmer temperature

" convective clouds with altitudes from 0 to 22,000 rauge, cloud hori,.ontal extents of 50, 20, 12, andfeet pressure altitude (PA), suggested tempera- 6 NM for LWC ranges of .04 to .5, .5 to .75, .75 "

_ _ tures as cold _s -40° Celsius (o C), and liq- to 1.0, and 1.0 to 1.74 gm-s , respectively. Also,
uid water contents (LWC) as high as 2.9 grams associated with the 0 to -15°C temperature enve- ,

:'i per cubic meter (gm-a ). Since their generation, lope are median volume diameters (IVlVD) which
these criteria have been exacted upon all aircraft range from 3 to 50 microns (/_m) and LWCswhich

- _"" _eeking U. S. certification for flight into known is- range from .04 to 1.74 gm-S; for the mid temper-
m Lugconditions, including rotary and fixed wing, ature envelope MVDs range from 5 to 38 lsm and

low-aititude, low- performance aircra£twhich typ- LWCs range from .04 to .66 gux-s , and for the
_'_. ically o_erate below 10,000 feet. Since the phe- coldest temperature envelope, MVDs range from
m, 7 t_ 15/_m and LWCsrange from .04 to .41 gm-a.i. nomenon which dictates the formation of cloud
=' water droplets and their associated LWC are de- The outermost edges of these envelopes and the
_- pendent upon horizontal mixing and the vertical horizontal extents represent extreme values of su-
: development of the cloud above the surface, icing percooled cloud properties determined to a prob- .

clouds developed within 10,000 feet of the surface ability level of exceedence of less than one part in
under convective conditions will be leassevere; i.e., a thousand; i.e., less than 0.001.
a lower LWC than clouds with developments ex-
tending to higher altitudes. Thus, in FY-1979, the mow_m_no,
Federal Aviation Administration (FAA) engaged __mmImOtMOMMU._O_etllMI_lfl"A_.

the Atmospheric Physics Branch of the Naval Re- _.
search Laboratory (NRL)to conduct studies and a _ ,[ :_

/to gather data for a better characterisation of the I

atmospheric icing environment below 10,000 feet. r 'J ._., ,re . g_
in the generation of the new characterisation of
this presentation, and is described in the NRL Re-
port Number DOT/FKA/OT-83/21 entitled, "A
New Data Base of Supercooled Clouds Variables
at Altitudes Below 10,000 Feet AGL and the Im-
plications for Low Altitude Aircraft Icing_ [2].

e.#

This presentation introduces the new characterisa-
tion of supercooled clouds beluw 10,000 feet above _m_ vo_a_m,t-_

ground level (AGL), and presents the rationale, FigureI. Thenewcharacterizationof supercooled
data analysis, and data reduction procedures era- clouds from ground level to 10,000
ployed in the generation of the icing envelopes and feet AGL

_ other information which cos _itut_s the new char-
' acterisation. Also, potential applications of the
_, new characterisation will be discussed.
,
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General Appro_fh of 6 NM for LWC greater than 1.0 gm -s is baaed
_ only upon convective cloud data. Th,m, this was
: The basic approach employed in these analyses the approach taken.

for the new characteri,-ation was to determine val-

ues of LWC, MVD, Ta, and event duration such
that the probability of independently excecd_nr, 1.75 C
any one of these parameters would be less than 1.._ ---
one part in a thousand; i.e.,< 0.001 for all stinG- c c c c
spheric icing conditions up to i0,000 fee:. AGL over 1 ._S

_' the conterminous U. S. and nearby offshore areas. _" c" c c c c
_' The initial analysis effort consisted of reviewing all g 1.0

•-" C,L C,LIC,L C,L C C C.. icing events in raw data form in 5° C temperature , .75
_" increments from 0 to -25° C for each parameter of _,_ C,L C,L C,L C,L C,L C C

interest. These parameters were then ordered by .J .5' C,L _.,L C,L C,L C,L C,L !C,L L** L
t magnitude and the 99.9 percentile selected. .25

C,L 'C,L C,L C,L C,L C,L C,L L L L

Thus, values which exceeded the 99.9 percentiles 0
would correspond to values of those paramters with 0 -5 -q 0 -15 -20 -25
a probability of exeeedanee less than 1 part in a Ta - (°O

thousand. Obviously, such a simplistic approach "c = Convective Ctoucl

could only be employed and yield results with a **L= Layer Ctoud, high level of confidence in cases where there is a
symmetrical, unimodal near-infinite data set from Figure 2. Matrix of LWCversus stublent temperature
which to draw. However, in this case, the data (To) for cloud types

i ._: base of 6,700 plus data miles representing some
1,400 icing events was deemed marginal, especially A Consolidated Temperature Ran¢e: 0 to -15° C

_i for extreme parameter values which were typified

i _ by limited data miles. Thus, reali_ing the possible Initially, raw data graphs were constructed for each

r, limitation of the raw data set, a least distribution of the 5° C temperature intervals between 0 and

was employed to p,¢dict the extreme values. De- -25 ° C in a manner similar to the LWC versus
" tails of this procedure are contained in the techni- MED graphs of FAR 25, Appendix C. The max-
i cal report noted in Reference [3]. imum observed values of LWC which occurred in

I = each 5/_m interval of MVD was used to establish

r;' KCombined Presentation for Laver and Convec- an interim envelope outline for each of the temper-

i _ ature ranges. The one exception is the one lone
i i maximum data point which occurred at 22/_m at

_ In FAR 25, Appendix C, the presentations of LWC, a LWC of 1.7 gm -a, and a Ta of -6.fi° C, which
i:_ temperature, MVD, and horizontal extent (dura- was omitted from the interim envelopes. These
i ,'.' tion) are presented separately for layer clouds (con- raw data graphs revealed very little differences be-
I _ tinuous maximum cox:ditions) and for convective tween the three envelopes in the 0 to -15 ° C tern-

." clouds (intermittent maximum conditions). A re- perature interval (see Figure 3). Consequently, it

I view of the new characterization's data b_e in was decided to combine all data in the 0 to -15°terms of layer clouds versus covvective clouds in- C temperature range and establish one envelope '

i dicates that the ranges of cloud properties were which described these parameters. Rationale for

similar for both cloud types except for LWC's 1.0 the inclusion of the one lone data point of 13 gm -s ,
<_ gm -s which were fomtd only in convective clouds to this temperature _ange could be _pported if,

and, for Ta colder than .i7.5 ° C where only layer during subsequent analysis, this point was found ;
clouds were observed. This is delineated in the to lie within the Weibull 99.9 percentile. This "_
matrix of Figure 2, which shews Taversus LWC for semb!ance was not observed in the temperature
each cloud type. A further review of the horison- ranges of -15 to -20° O and -20 to -25 ° C. Conse-

nt: tal extents (icing event_ durations) for each cloud quently, parameters in these ranges were treated i
type revealed that combining the two cloud types separately. [

_ into a single preser, tation would not be overly r:,- i

_ strictive provided due consideration was given to i•,* the proper c!o;,-! type; e.g., the hori,.ontal extent ]
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ORIGINALPLC_=13
OF POORQUALITY

all altitudes up to I0,000 feet AGL. (Possibly over

:f the northernmost portions of the U. S. during out-

' "_'_'"*""_ breaks of extreme cold polar air mas_es.) Conse-

?8 '_ " " quently, the new char_cteriv, ation does not present
__,.ul- a temperature versus altitude chart, whereas FAR

| 25, Appendix C, presents such a chart for both the'Jl" continuous mLximum and intermittent maximum

I _,n_ criteria.

':"t " ,he W_eibull Distribution

:! In these saalys._s, the Weibull distribution rune-
" . tiou was employed to predict the extreme values

----,=mS,.S-.. of the supercooled cloud properties. This function

Figure3. Similarityof icingenvelopeof S°C reducedtotheform
intervalsfor the temperaturerangeof
0 tO -15° C.

tn(O= tnbq__-_)
Ambient Temperature versus Altitude AC_

was employed to establish the coordinates of the
An initial review of the data base i,_dicated up up- plot of the parameter of interest: where
preciable altitude dependence for the cloud prop-

erties of LWO sad MVD. However, icing condi- g = the ith percentile of sa observed cloud
tions were not observed at the colder temperatures property; i.e., 20, 50, 60,... 99
which occurred at the higher sad lower altitudes;

i.e., temperature in the range of -15 to -25° C _ = the value of an observed cloud property;
which occurred between ground level sad 4,000 e.g., LWO, associated wth the ith percentile.
feet AGL sad between 6,000 feet sad 10,000 feet Most extreme values of the new characterisation

AGL (Figure 4). However, this region constituted were determined by computer; however, for illns-
ozdy a small portion, approximately 16 percent, tration purposes, Figure 5 graphically depicts the
of the total temperature versus altitude envelope procedure employed in determiair, g the extreme
sad, for nil practical purposes, could be accommo- value of cloud horizontal extent (duratioT._ associ- '
dated by assuming the probable existence of super- ated with the icing envelope of -15 to -20° C.
cooled clouds at all temperatures of interest and at

................... .**

12,ooo. ,.o
I0,000- _ 2.0 ,.

"_" .m

_ 8,000. ' ' '

< 6,000. -0.s 0. 0.s 1.0 :.s 2.0 2.s

,,, _nRn(.
e-_-, Pucmlm qs s2 ml _, m m._ n.nn
_-4,000
t-- It $0 f_ m _ _ n n,S

rot, 2.1 2,6 S,O 6,8 9.5 15.0 1|.6c_

2,000, Figure5. The determinationof horizontalextent
extreme: -15 °C to -20° C,

0

0 -6 -10 -15 -20 -25 -30 Although in this ease the observed 99.9 percentileTEMPERATURE- °Celslus
Figure 4. Ambient temperature versus altitude value was 18.6 NM the Weibull predicted value

above ground level for observed cloud was fotmd to be 20.1 NM and was subsequently
types rounded off to 20 NM a.s depicted on the new char-
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acterization (Filolre I). In a simil_" manners the M -40° C, mad the rotorcrsft directorate's liz_tcd ]

other extrem,, values of the cloud p_r_r_ _ies were criteria coldest temperature is -23° C.dett.rmined, exce'pt that the Weii,_:ll predicted val-
ues of LWC weEe determined for each fi pm MVD 4. In the intermittent maximum criteria of

_ interval of its associated icing envelope, both the directorate's limited criteria and the FAR
26, Appendix (_,,criteria, all values of LWC asso-

_ A__F_.m..R_soa elated with MVD's larger than 36 _m significantly "
i: exceeds those o| the new characterization and are

i Figaire 6 presents a comparison of the new charac- deemed excessively conservative for altitudes be-
i terization, FAR 25, Appendix P,, and the recently low I0,000 feet AGL.

_" introduced FAA rotorcraft directorate's limited cri- __9_ncludinf Remarks
_. teria. On this chart, all temperatures have been

i converted to Celsius, mad the -40 ° F temperature Figure 1 depicts the final characterization of the
_E contour line of the FAR 25, Appendix C, inter- atmosphere for supercooled slouch from ground

mitteut maximum criteria has been omitted, pri- level to 10,000 feet AGL. The envelope of each o,_
the temperature ranges encompass values with a

_- probability of exceedance greater than one part in
! a thousand, whereas the extremes of the envelopes
_" represent exceedance probabilities lens than or equal

'=_ _[ to one part in a thousand. Inherently, this char-

i. a- acterization has parameters which may be em-J played in subsequent design of ice protection sys.
tems and equipments for aircraft which operate

i between ground level and 10,000 feet AGL. It isplanned that this characterization will serve as an
11 _ adjtmct to the worldwide characterisation of su-

percooled clouds currently 1ruder development.

_: Referer_ces
0 10 20 _0 40 80

ut_N voum. sums c_=_ 1. Federal Aviation Regulation Part 2G (FAR 2G), '

Figure6. The new characterizationsuperimposed Airworthiness8tandarda: _ansport Category
on the far 25, Appendix C, and the Airplanes, Appendiz C, Washington, D.C. £0591,
rot0rcraft di rectorate' s I imi ted Inter- Department of Transportation, Federal Aviativn Ad-mittentmaximumand continuouscriteria.

ministration, 1974.

marily for clarity. Some of the readily apparent

observations/conclusions that can be drawn from IL Jerk, R. K., A New Data Base of Supercooled
Cloud Variables at Altitudes Below 10,000 Feet _i_

this chart are: AGL and the Implications for Low Altitude Air-

1. The new characterisation encompasses craft Icing, Department of Transportation, Federal

MVDs between 3 _m and 16 _m which were omit- Aviation Administration Report Number FAA-CT-
ted from the FAR 26, Appendix C, and the rotor- 88._1, 1_8_.

craft directorate's limited criteria. 8. Masters, C. 0., ,4.New Characterization of Su-

2. The new characterisation presents a maxi- pereooled Clouds B_iot_ 10,000 Feet A GL, Depart-
mum LWC value of 1.74 gm -_ at 22/_m, whereas meat of Transportation/Federal A_iation Admin-
the FAR 26, Appendix C, criteria depicts a maxi- istration, Report Number FAA.CT.88._,_, 1988.
mum value of 2.9 gm -_ at 16/_m, and the rotor-
craft directorate's limited criteria depcits a maxi-
mum value of l.li gm -:_.

3. The new characterization depeits no tem-
perature colder than -25° C, whereas the FAR

i- 25, Appendix C, criteria presents temperatures as
i cold as -30° C and suggests temperatures as cold

X
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3: "DEVELOPMENT OF A PLAN FOR IMPROVED AIRCRAFT ICING ,,

[ FORECASTS AND ASSOCIATED WARNING SERVICES"
R_,lph Pa_ak

I w.uld like to describe a idol that hu just re_ I w,:,,dd like to give y.u a brief layout of what will

reatly utart,'d at the ()flirt' of the Federal Coor- be ,|,,he. T_k 1, which I lmve u,,t yrt _uidrt rased, is
rlinator far Mete.r{d.gy (OF(]M), The plaJl was h_icaJly a lit_.rature eearrh n_.! iutervirw peri.d.
sugv.e_ted by the National Tran_portatb,n SM,'ty Part .f sty rr_a.n f-r I,riefilig here in to identify

B.ard (NTSB), and th,. E-M in to provide mte_ l,e¢,l,lCt,J wh.m l should Iw t;dkiuv, in each ¢Jftht;ae

'_ grated pl_ass for intpr_]vhtg tdrcraft icing f.rccastM, art,;_ w,' m,.nti.u,'d ,,;trlit,r. I rert;tinly wtmt t-
• Bef.rr lW,qdc p_ui_ nard think we are going to wt'i{',mw _,y,_nc' whc_ wtmhl WAlt!ttt talk, JuMt h't

,'.n.' up with a new plan in a vacu.nt, I would like mr, kn-w.
to _y that I'm going t. take what,.ver ! ca_t fr-m

_' varit;ns plans that alrt,ady exist c',;v,'ring the ear. Bri,'fly, the pr.ject achrdnh, g'"a lik,' this. We

il i.us l)hnMe_,if tit,' aircraft icing f.rccmst probh'ht, s_.art,cd iu the first .f (h't,d.'r through the r.lh'¢!-

Yesterday, we heard a dcscril)tion of the FAA's ti.n pha_e, Task 1, h_td it should be flu|shed the
plan from Loni Czekalski, which will be inchtdcd ca{' of this II|onth or the first part .f u_'xt m.nth.
in the ()F(_M Iliad. As a result, the aircraft cer- At that point, we will _tart interviewing people
tification part of lay effort will be rather straight- throughotlt the eotmtry and throughout the vari-
forward. Again, we :_rc going to try to develop a ._ agencies interested in these areas, which will "

plan that will summm'ize a systems view of wl:at lead to a _erics of reports characterizing each of the

the Federal Govcrmnet_t _houhl be doing in air- individual arc[_ we will address. We, then, have

_i craft icing and associated warning service dissent- several months in order to put the rq_ort together• |nation. We have broken it down into five major and have it, reviewed. Within approxintately one

areas dealing with the data collection, forecasting, year front that point, we hope to have a final copy
dissemination, display and education, and aircraft out.

I! certification. A literature ,_earch has been run at the OFCM and

at TASC. Anyone who would like to make sure
Braiding on what ha_ been s_id this morning, the that certain pieces of information are included are
FAA is now looking at new characterizations of welcome to 1,__me know. One of the things I would

. clouds. The question becomes, _How do you relate like to get hold of fairly soon is the AFGL report ,
_' that to aircraft icing?"; "Does the aircraft mtmu- on comparing current procedures for forecasting _ '

facturer have to give you a formula which says_ icing. Again_ the forecast procedures are proba- ,
that given this droplet size and liquid water cow bly as conservative as the FAA characterization of

_. tent, this is the kind of icing you can expect for:_ clouds in the envelopes in FAR 25 Appendix C.
_ - a given air speed?" This might be a reasonable

thing to look at. If that is the case, then the clues- I would like to interview releva:at individuals. If !

ties becor._es, _How do you get information to the you would like to be included or ]mow of others _i
_ pilot relathag to liquid water content and droplet you would like to have interviewed, please submit ' ' _,,

t sine't" Currently there are no forecast procedures your name or names of all relevant individuals.for that. There is currently r,o way to conveniently Finally, we would like to prepare a plan outline,
_ display it; and based upon disscua_ions between which will be available in November at the OFCM.

the Icing Committee and the Remote Detection If you would like to see that, please contact either
Committee, there i_ no way to measure it. So, myself or Maamy Bailen_,weig, and we will see that
this type of plan with this kind of problem needs you get a copy of it.
to be addressed coherently from a systems point

of view. We are going to be looking at not only The first task is to see that we are pointed in the

what goes into each of these five areas, but also right direction. I don't intend to work in a vac-
, their interconnect|on. If the FAA would like to unto. We would like to take the bits and pieces

, rcqtdr,_ liquid water, for example, as one of the front the various groups and come up with a final
psraraeters, the pilot needs to know it before he integrated plan. Thank You.
take, off, and we are going to have to figure out

how to get it to him. That is what the plan would
like to address.

I
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N8 - 11745
_ADVANCE PARTICLE AND DOPPLER MEASUREMENT METHODS _

'_' Chris Busch ',m

B I want to make just a few brief comments this In the area of particle measurements in icing tun-
morning concerning advanced diagnostic work in nels, heavy water tests, and the like, my opinion

. which various compauiea and gow:rnment agen- is that we are not far advanced, as in the aerody- _

_ ties are involved and which we think may have namic case, simply hecallse not as much time and _ J

some possible application to the aircraft safety resources have been dew_ed to it. I think technol- ,_

_ programs being addressed at this workshop. We ogy may be available that can help us along that _want to point out that we have a healthy regard [ xth. , '
and respect for the measurement capabilities that

:i are being used today. As Richard Jeck mentioned A couple of questions I think need to be answered.
" earlier, there have been a lot of improvements in What data is really required for flight tests and

the last decade which really ,mprove the quality of simulation tests? For environmental character-
data being obtained today. It is our opinion that ization programs, exactly what data is needed?

m the measurement capability is still on the upslope I do not think, if we get down to the basics of
i of the ramp, and that by implementing some of it, that those questions are really all that obvi- ._
m_ this technology, the results of the safety programs ous. Another question is this. Is current instru-
_-- being addressed here may be enhanced, mentation adequate? Certainly, devices that have ?

been used extensively have made a major eontri- i_

The fours of my talk is particle environments, i.e., bution to these program activities; but are they ._
-- rain, ice, and snow particles. Two types of partS- adequate? If not, we need to look beyond, espe- 4_ eially when we embark on five-year terms in these
i_ cles which we wish to address are: I) _he natural
_ environment in which airplanes fly and conduct technology programs.. Finally, can the new tech-

test flights; and 2) simulation environments that nology help? That is by no means obvious either. "

are encountered in ground-test facilities such as I think it takes some careful study and examina- I
m wind tunnels, ranges, etc. There are character- tion to answer that last question. Some candidate ,_
-_ istics of the natural environment that one wishes methods that may be considered are broken into ,_

to measure. The liquid water content (LWC) is two areas: I) imaging methods; and 2) scattering _i
= the one that seems to be of most importance; size methods.

distribution may be of importance in some appli-
cations. Like snow, the shape of the particle may The imaging methods are basically photography
be an important parameter to measure. As one and holography. You are very familiar with the
goes on to environment in simulated tests, addi- photography method which is being enhanced now _

tional parameters may be required such as velocity by the advent of computerised image analyser sys-
- distribution, the velocity lag of the particle rein- tems. This can really speed up the rate at which

> tive to the aerodynamic flow, and the trajectory data can be extracted from photographs. I have
of the particle as it goes through the aerodynamic had the opportunity to look at some of this data
flow and impacts on the test object, taken in the heavy rain program down at NASA

Langley and good quality data is obtained. There _'

We have been involved very much with optieal are eases where photography cannot yield infor-
implementation, laser implementation in aerody- mation needed; in which cases, one needs to goto holography. I do not want to get into the de-

namie tests for simulation in wind tunnels, bal- tails of holography; but suffice it to say that it
listic ranges, and sleds; for example, conditions gives a three-dimensional image of the field from
which one expects to encounter in flight. As a re- which one can extract high-resolution data over

suit of having worked on this for five or six decades, the whole three-dimensional volume. For example, i
we have arrived at the point where we have very in a wind tunnel, one could make a hologram of the
good precision at measuring the appropriate aero-
dynamic parameters and aerodynamic tests so that particle flow and extract high-resolution data over *that whole three-dimensional field. There are lira-
one can extrapolate from one set of flight tests to
another or from ground facility tests to the flight Stations with it which I will touch on subsequently. _J,

test,. The key to that is being able to have in- In the scattering methods area, there are a couple ,t

_ strumentation _,'hich can measure those appropri- of approaches: I) the single particle approach; and
ate properties accurately enough, so that one can 2) ensemble approaches. They have advantages ae

, transfer from one set of c_n:litions to another, well as some disadvantages.
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In holography, one i_ able to get shape information olution, and a big advantage is real-time data ac-
since you are dealing with an image of the particle quisition. This is based on light scattering which
field, and the velocity field of the particles can also goes into a photo-multiplier tube, then eventually
be obtained. A big advantage of holography is that into a computer where the data is virtually all
there has been a lot of experience with it and one handled in real-time and managed by the corn-
is quite confident when employing holography that puter. All of these optical techniques, of course, ',
you will get quality data that is useful. The big are nonintrusive. It is a single particle inferred
disadvantage in one area is data reduction. If you LWC which can be either a disadvantage or an
get a lot of data, it is difficult to extract out of advantage depending on what the real mission or
that information the subset of information which objective is. Quantities of interest for icing studies

is important to you. I might point out, however, like LWC have to be inferred from the measure-
that there are programs underway at a number ment of particle size and velocI*v.
of centers focusing on automating the process of
getting the desired information out of holographic Let me just summarize with a few words on ensem-
images. The advent of computer technology, of ble measurements. Ensemble measurements are
course, is making that possible. When one makes those oa which one projects light into the particle
a hologram of an object field, he then reconstructs field of interest and collect the scattered light oil'
the image field for a three-dimensional image on of the ensemble of particles. There are systems of "
which the photography work can be done. that kind available and improvements are under-

way for them. The advantage is that those systems

Recent applications of holography include spray are inherently quite simple; the data, however, is
characterization, coal combustion, and much work not of as high a resolution as one can obtain by
in wind tunnels. One of the early applications of other means. They are very useful, though, de-
holography for particle field studies was at AEDC pending upon the mission of the instrument.
here in Tullahoma, where it was used to char-
acterize a particle enviroum_nt in a tunnel that In closing, I would again say that I think we need
was laden with particulate for purposes of erosion to clearly establish what the measurement require-
studies. That was more than 10 years ago. There ments are on the various ground and flight test
is a great deal of experience with use of this tech- programs. Then, based on the voids that exist in
nique in wind tunnels. Rocket engines and various the measurement requirements compared to what ,
industrial processes are other applications, we are using today, some of the advanced methods

that are underway and available may be appropri-

The advantages of the single particle techniques ate for implementation on those programs.
are size and velocity information, good spatial res-

N86-11746 ,
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_DEVELOPMENT OF A WIND SHEAR PERFORMANCE ENVELOPE"
John H. Bliss

Flying into an airmass which is moving in a new di- In a simple dowadraft, altitude can be held in air
rection and/or at a different velocity may produce which is descending as fast as the airplane can
a large airspeed change. An increase is inciden- climb. Consequently, some think altitude can also
tal. A significant loss, well below the bug speed in be held when a headwind is diminishing at the
use, will severly alter the flight path and produce same rate as the airplane can be accelerated.
a large descent rate.

It is quite important that the airplane performance

If there is no continuing headwind loss after such during a continuing headwind loss be understood.

_ an airspeed loss, you can apply maximum power, This presentation is offered in recognition of this
pull the nose up, and go.around. However, a con- importance, and to present an aspect of perfor-
tinuing headwind loss equal to or exceeding ac- mance not normally considered. Lack of consid-
celerative capabili_" will prevent a successful go- station of this characteristic can result in assure-
around. Lug almost twice the performance than that which ,
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the airplane actually hamduring severe wind shear ,1 climb of 1650 fpm (27.6 fps) is achieved ns-
S at high descent rates. The example data relates ing maximuw performance under stable air condi-

to the Boein&' 727-200, but the characteristics are tions. I would like to emphasise "using maximum
applicable to any airplane. Figure ! portrays the performance".
characterist:¢ of an airplane in the landing configu-
ration, gear down, flaps 30, 100_, power, standard Now consider Figure 3. W, have the level flight
sea-level day, and 140,000 lbs. gross weight, condition, where there is an acceleration of 2.5 kps

(4.222 fps). The angle between the flight path and

"':""_;?''_?;;'_';;.';'d-_"-_ "(]" direction remain_ at 97.31°. Notice the rots-_" ,, ,,,.';_-.--_, tion of lift by 7.310 results in a slight lift deficiencymm_,_I, ,,, m...:-_0
,,, ,-=,.,!I:_:::Y_ _,_ which can be ignored due to its fleeting 1-second

,.,, ,,,,, ,,, ,,..,,.--::-.-_.-:, existence. Altitude is then held and airspeed in-
ttr t _t 11' tit. "|'t}_"° .,'$

,w,,,,. ,, ,,,. ,.,,._,, " creases 2.5 kts#ec, o
AtP trick 99tit. * • "11 ¢_

I_llo I1' kit. 19" "14 /_

,.=---'-..":-,,

,,_,.,_,_.4.,",,I, _ 0 - A = 4.222FP5

,,,,.,,,,,,,,..1-. ,,",:"c,,,,",.

FigureI. _It_ C _0_

We will begin with evidence of how forces are hal- _-_
anted during a maximum performance climb, at
a Vref airspeed d 128 kts (see Figure 2). It is
important to recognize that the airborne frame-
work coincides with the inertial framework (no _

wind shear). I would like to draw your attention !,
to the angles which apply. The angle, flight path [
to _G" direction, equai_ ")7.31°. "

g

Figure3. i

Turning to Figure 4, we have the same condition '_ ._
as in Figure 3 except with a 2.5 kps constant head-

wind loss, the airspeed does not rise. The slight

"__i loss of lift in Figure 4 now becomes significant.
The lossisconstantlypresentdue tono airspeed

o increase. The maximum flight path angle is uow
a tangent to the lift line represented in Figure 3,
with the same airspeed. All is as balanced as the

previous conditior in Figure 2 as long as the 2.5

_/._/o kt/sec, headwind oss endures.

j Inspecting Figure 4 in comparison with Figure 3,
one sees that the only difference is the 2.5 kps

G headwind loss in Figure 4. Surely, those of you
who have observed a free-flight model in a wind

Figure2. tunnel will attest to the _lmost vertical pertur-
bations caused by slight changes in wind veloc-
ity. The movement is near vertical because of lift
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il change, and altitude loss has little horizontal effect try is unchanging, a solid _inclined plane" such as

on the model's movement. The acceleration/climb displayed here, and on the accelerate/climb chart
chart is valid in stable air where a change in flight (Figure 1), exists.
path produces the effect of descending am inclined
plane. There is nothing relative to the airplane which

gives any relevance to horizontal except the air
geometry and gravitational ('g") force direction.....-

When a continuing headwind loss is present, the

__ airplane's horizontal is changed to a new direc-

tion and so is the "g_, so the inclined plane is also

changed. The result is altitude loss without the ;I

_\\11 ,,_\\ resultanthori_.ontal acceleration,justas if thein-,o_ o clined plane were to be accelerated toward the rear.09

_\i[ _ ._-_oR.,v,,,,__ atthesamerateastheheadwindisdim'nishing.

ig_ can leave 39,000 feet 120 miles from destination,
_ , descend at idle power, and land 20 minutes later "
i i! J using power only the last 1500 feet on final. When

!t you have a 150 knot headwind at 39,000 feet, it :
il takesno than85milesand 12min- '

_I utes. A much larger nose-dnwn attitude is re-
more just over

'_ qulred to get the same airspeed during the head-
!-_ : windloss.Thereisa largealtitudelosswithout

!i the speed gain. This is obviously the result of
_! g a large change in the _inclined plane" and these
' changes are just as valid on the approach as they

_ i Figure4. O-AffiA-B= 4.222FPS
are at altitude. If the accelerate/climb chart vai- !
ues (Figure 1) were valid, at least the time for de- _,

When a mass descends an inclined plane due to scent would be the same in either case. Obviously ,
the influence of gravity (see Figure 5), its velocity it is not.
will equal that acquired by a mass falling freely 'i
the height of the plane. All horizontal acceler- Essentially, safe flight path control in the new air-
ation derived from de_cendlng the inclined plane mass can only be assured by the use of a safe ac-
results from the resistance to gravity provided by tual speed relative to the new airmass before en-
the plane, tering. The safe speed cannot be resolved by using

airspeed alone, which disregards the environment _

As simple as this sounds, there can be complica- ahead. _
tions. If you place the inclined plane on an ele-
vator, any vertical acceleration, up or down, will For take-off, the best defense seems to be a pause
affect the velocity imparted to the mass. Hori- in take-off position to scan the departure path, vi-
zontal acceleration of the inclined plane will also sually and with radar, forproblem cells. If present,
affect the velocity acquired by the mass down the taxi off the runway, don't take-off.
plane.

For landing approach, where the environment ahead
In an airplane, the _inclined plane" is totally formed is known, a safe speed can be resolved for the ap-
by the geometry of the air. When the air geome- proach. A method and instrumentation has been

described here at a previous meeting. It is the
airspeed/groundspeed method. This sytem auto-

, _....__ mates the process and the only additionl work load
is to insert the surface wind.

i Presently,wind sheartraining(arequirementfor
: ! most airlines)islikeaskinga _tudenta question ;

" Figure5. Displayof an inclinedplane forwhichthereisno answer.Conversely,theair- i
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_ %-. --- ,- -_-'- _ I
,,., speed/groundspeed system gives him a tool with normal, and ffoundspeed is never below the value '_
ix! _quantitative information from which real satwers expected over the threshold. Either speed can
_ are available. Judgment can be developed which be normal or above, but neither below. The pi-

D , is impossible otherwise. Actual training is then lot then has fall quantitative knowledge of what "'
', possible with skills developed sad enhanced, to expect ahead at all times, and he can expect I_=

_ _': both speeds to be normal at the threshold. If they ,.

_ Most importantly, true safe speeds are used on are not, (grouudspeed e..cessive)he can go-around

:li every approach regardless of hesdwind Ires. By and approach from the proper direction, which he ,i

eliminating the need for acceleration, full climb can discern from his draft on the approach. I
_ capability is available for dowadraft, even during

headwind loss. With large headwind loss alone, T'.,ere are too many advantages to enumerate now,
- -i a power reduction is required for stabilized speed, but no pilot will ever control wind shear without

_, This is done, qukntitatively, by using two mini- eontrolltug actual speed. Runway overruns or tm-
i_ mum speeds. The airspeed is not allowed below dershoots cannot be controlled without controlling
t airplane speed relative to the runway.

-. N86-11747
% •

-- L _LABORATORY MODEL OF FLIGHT THROUGH WIND SHEAR"

: Walter Frost

_" " This address deals with the simulation of an air- about 16,000 cubic feet, and scaled the velociW

i:__ plane flying through a downdraft, or microburst, coming out of that fan relative to the velocity of
_ This project came to pass about this time last the aircraft as it passed through the mieroburst.
:_ year, at the time when the Pan Am accident had-- ¥

' just occurred. The television company, Alan Lands- Our tail was on the line because we had an agree.

burg Productions, which produces the television ment with Landsburg that if it indeed worked, _
show, _That's Incredible, _ decided they would like they would pay us a relatively adequate sum of :8

to do a series on wind shear. They talked to John money. However, if it did not work, we were go- _ '
McCarthy, Bill Melvin, and a few others. Finally, tug to eat itl So, we were trying very hard and
Norm Crabill at NASA Langley Research Center getting very anxious near the end. Nevertheless,
directed them to FWG Associates, Inc. One of it did work very well. We actually put a control

the things they were insistent upon was an actual into one of the aircraft models and learned a lit- i_
" model study of an airplane flying through a mi- th about the dynamics of the aircraft. We found

croburst, and they would not be satisfied with a that if you pitched up, as Bill Melvin and others at _ •
computer graphic simulation, that time were saying, when you passed through _ _

the wind shear, often times the model would come

We had, roughly, two weeks to design, con-tract, out of the wind shear sad not crash. However, if
sad carry out the simulation. We decided to use you tried to put the nose down sad pick up speed
a large building next door to FWG Associates, st all, which wM the other option, the sirtrdt in- "_
Inc., the small research sad development company _riably crashed.
located in the UTSI Research Park. This build- ' "

tug is approximately 50 feet wide, avd we had to A lot of people have asked whatever became of the
do some quick scaling laws to determtue the best video results. It was supposed to go on nationed '_
method of handling the project. We decided to television; but it didn't sell, because it was corn-
show the takeoff _ecause it is the easiest to do. pettug against _, and the second sequel !
We needed to simulate a constant take-off thrust; of the series which we were supposed to be in was '

subsequently, we used, roughly, 100 feet of surgical never released. I have, however, brought a short
tubing stretched through the door of the Inborn- clip that I have put together on my l/2-inch video !

tory. This gave us an essentially constant thrust of tape and I would like to show it to you. Inciden- :
o about 2-1/2 pounds, which is what we calculated tally, one of the airplanes which had a controlled

as being needed for the sise of aircraft being rood- system in it flew right into s television camera.
sled. We hung a large fan in the ceiling which had Another of the models was glued back together so
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many timel it was amazing that it mtillflew. The !

first part of the video was transcribed from high-

speed film onto television :ape, and it shows the __ '!
aircraft coming out of the microburat, made vis-
ible by U02 fog. A aeries of pictures, Figure 1,
show the aircraft as it flies into the wind shear, ,,
lifts, Iomeslift, pitches up, and hits the ground.

Figure I. Sequence of aircraft trajectory
through simulated microburst °

When you study the downdr_t phenomena, Fig-

ure 2, which has been illustrated, it shows a simi-
larity to things we have measured with radar, aug-

. getting that a microburst is a cold outflow moving
down towards the ground and spreading out in all
directions. The markers on the wall indicate a
scaling of about 100 to 200 feet, respectively. If
you will notice, the air jet comes out and spreads

out all over the ground. It is not, however, per-
fectly syiametric; because we have discovered that

i_ microbursts are not perfectly symmetric. '

, You can see from Figure 2 how relatively shallow
the outflow is once you get out of the downdraft.



It took only about two seconds for the model to fly If you are interested, there was article written t_bout
the entire length of the building, so to control it we the simulation in Aviation Week and Space Tech_ "_
had to be quick. However, interestingly enough, /g0.]pZX.We have a few of the reprints of that at-
you could control it if you were on your toes. We tide here if you would like to 'naveone.
simply had amelevator to give us pitch control.

"AVIATION WEATHER OF THE t9S0'S"
Sepp Froeachl

I would like to thank Walt and Dennis for giving that thesis was 30 yews old. In other words, we
me the opportunity to talk to you for a few rain- have not made good use of the new technology
utes, because I think it is a rare, if not unique, because it is primarily am advance in technology,
occasion to have such a wide range of expertise not so much in real science. We should, however,
to talk to. To give you a few ideas of my back- make better use of this technology, especially in
ground which may be the reason for some rataer aviation meteorology. With the new high-speed
contros _rsiai things I will say later, I am a meteo- computermwe should make use of them instead of •
rologist, and Iwork for the Canadiam Government. being used by them. If we make full use of them,
I am called a Chief Analyst and Progaostician of we can really go into a quantitative description
the quebec Weather Center. I have been a pilot of the atmospheric conditious. By doing that, we
for over 40 years, with a wide range of experience are avoiding controversy and ambiguity. For ex-
from military to airline flying. Over and above ample, I hate the term "VPR conditions_, because
this, I am an enthusiast in meteorology and, par- VFR includes many things besides meteorological

il ticularly, aviation meteorology. As the title of my parameters. Over and above that, we cannot mea-impromptu speech indicates, we are in a transition sure VFIL We can define it as something, but it
period. Our problem is that there is still a wide cannot really be defined in quantitative param-
credibility gap between the user and the provider stets. We might say three miles, 1,000 feet, or
which is what I call the weather services. As for whatever; but it doesn't mean anything because
users, I am referring to the various components of you can't measure or forecast that in terms of at-
the aviation community, mospherie conditions. What we should do, by go-

ing to quantitative expressions or terminology, is
forecast a ceiling of 500 feet and a visibility of one-I think we have tried for too long to do every-
half mile and then the user can col] it, or do withthing for everybody, and I am afraid that if we

carry on this trend, we might end up doing noth- it, whatever he wants.

ing for anybody. We are, due to budgetary con- One of my theoretical specialities was icing, as I
straints, having to cut down on personnel, and ,mentioned before. If we continue to talk about _--
having to use more and more automation. Please light to moderate rime icing in clouds with a risk of
do not get me wrong; I am not anti-modelling or heavy mixed conditions in build-ups, we are wg_t-
non-automation, because my initial ideas and ed- ing time. Every pilot knows that if he is in build-
ucation are in mathematics. However, I am a re- ups, convective clouds, etc., there is a danger of
alist. Since I am a user as well as a producer, icing existing there. What is light to moderate?
I think we need a different approach. This is, I We have from a Cessna 150 up to the Space Shut-
think, the weather services. They should get into fie. In the old days, there was about 160kts speed
measurable, quantitative configuration and move 4- 30 %, and that was everything we had. So, we
away from qualitative information. In my opin- could be rather generou_ in using those terms for

._!_ ion, this is our biggest handicap. Originally, when everybody; but now it is completely out of range.
we moved into qualitative terminology, it was a What I would like to say, and what I would like to

, way out of the situation; but, in the last 30 years, implant into you, is the idea that we should:we have not moved too far ahead. I once wrote

I a thesis on aircraft icing; and after hearing at the a) Aim for quantitative information; i.e., fore-
I last six workshops how much is going on in icing, casts, observations, etc., and mow away from qual-
_i I went back and read the thesis. I thought to my- itatlve.
:_ self how new it all sounds to me; but remembered

.!
! %
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h) Secondly, that we stop catering to u_ers, he- tion, military aviation, or airlines, we are confining
cause we should leave it to the user to take what- ourselves to low, mid. and high-level information,

_ ever is available for his personal neech. As a prac- then the user takes whatever he gets from a com-
i tical example, instead of ca.'ering to general avis- men data bank.

i N86-11748
i

, "THE ELEVENTH MOST SIGNIFICANT EQUATION"

John Houholt

r.

My impromptu remark deals with some commem- square of vertical acceleration, rt, is equal to a
orative stamps that were issued a few year_ ago turbulence term, t:t, divided by the square root
listing the ten most significant equations of mankind, of the angle of attack, a, necessary to maintain
I don't mean equatio_ to be solved, but equations level flight, and that is all it is. You do not have
that state physical reality or physical consequence, to include the weight of the airplane, the altitude
Now, somewhat with tongue in cheek, I would like of flight, the velocity of flight, as it is all inelu-

L

! to add the eleventh equation. The substance of sire in this one equation. Now, I should make a .the ten most sigailicant equations were these ele- comment about al. It is actuall} a combination
mentary looking equations like F = ms; E = me a term that involves the turbulence intensity and

_ and the like. In the past year, I have been con- the turbulence scale, but it is directly deducible

_ tinuing some studies on the response of aircraft from turbulence data, as a combined form; and
_ in continuous random turbulence, and have come you do not have to separate out the intensity and

up with a very remarkable result. It is in remark- the scale length. It is a natural combined form of
i ably simple form and seems to be q_fite general in the two parameters, directly deducible form turbu-

nature. This equation is shown as f,_l|ows: lense data. So, I submit this as a perfectly general
='_ equation which gives you the response of airplanes

' ul to turbulence. I won't tell you at the moment how

_ = _ we derived it. I am in the process of writing a pa-
per now to be given at Reno next January; and,
at that meeting, if you are interested in how it is

To what I ca- see, the equation is simply derived, I will be presenting it there. Thank you!
stated and applies to all aircraft. The root mean

I

"A MODEL OF A DOWNBURST; _

A WIND TUNNEL PROGRAM ON PLANETARY BOUNDARY LAYER;" _ -iI
and

aAIRSHIP IN TURBULENCE?

Bernard Etkin

Ladies and Gentlemen, before 1 start describing neering profession nee& is something a little dif-
to you the model of a downburst that we have ferent- it needs "engineering models". We need an
recently generated, may I, since there is time, phi- engineering model of turbulence at high altitude;
losophize for a moment about the role of analytical we need an engineering model of the planetary
models in what we are talking about at this work- boundary layer; we need an engineering model of
shop. The meteorologist, of course, has to go out microbursts. What these models must all have
and try to discover what the world is really like, in common is that, firstly, they reflect reasonably
such as drop si_e distribution; or in the JAWS well the reality of the physics. Secondly, that they
Program to find the real velocity field in a real have parameters in them that you can vary to ad-
microburst. However, what the aeronalztical engi- just the models to suit vario_ circumstances. Last
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but laot leaat, the_ muat be reuonahly easy to uae, . _ . . .

With that philosophy in mind, | thought that we .//, _ :
Iaight be able to make a model of the microbur_t, h _,,,_
ordownburst that would be umeful. 1000m , A A

You have sees a Lumber of diagrams likeFig-

ure I duringthismeeting. When you Io_Jkat 5oo
it,what you see,(infact,what Dr. Frostpro-
duct,din hisexperiment}isa verticaljetblow-

iv_gagainsta plane surface.Well,thatdid not

.ll ?'_ k -1SOD 0 lSOOmx: \ Direction of

_ ._ "_, movement Figure 2. A typicalmicroburr,i qener,lted by adoubletsheetwith cosineintensity

_ _ distribution

distribution of intensity. We looked at both uni-

i form and cosine distributions. Figure 3 show_ the

" horisontal wind, Wz, and the vertical wind, Ws,

0 5 lO along a vertical plane through the center of the

i km system.Thisfiguredemonstratesthe main char-
":I Figurela. Sectionthrougha thunoerstorm WI V: StrengthVariable30

in thematurestage m/s "C: StrengthConstant

A 15 V_/ _.E.'_"
., ,i YlO00' Fast-moving,low-humidityair /' _C

.30 -15 t

NEW F:tTUREOLD 'V'_ _

'........'.........'E'"X...........x ?

I0

Figurelb. Imbeddedmicroburststormcharac- m/s /_/V
teristics 5

,iV""
seem difficultto model. I thoughtwe might try 0 j.,_j.,i,,_16_:32 48 ' 6'4sec.
a set of doublets, a doublet surface, or perhaps *

-5
ring vortices distributed in various ways to pro-
duce a flow field that looks somewhat like the

Figure3. Comparisonof 3-D model for different
downburst.Well,aftera few trials,we settledon strengthdistributions:
the one illustratedin Figure2. What we have

hercisa circularsheetof doubletsthatoccupies _Vmax= 100;,c = 93.6 (xo = 2316m;
the none A-A; and, of course,to produce sym-

metry about the ground plane, there is an _mage he = 200m; Yo = O; D/H = 3; :

setdown below.The figureshowsstreamlinepat- D --3000m;_G = -3° Comparison :
terns created by such a circular doublet sheet. It " _

condition: Wl --18.24 m/s at 'E')
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, _teristics of the downLur_t. ?,_ ni_!_me flying. ___
: down the glide slope in the sketch initially expe-
l= ri,'nces a head wind that later changes to a tail 2t3f_

wind, with a fairly strong gr_lient, Ws shows

first an lqJwind, then a downwind, fairly strnng ,,, ]q0

to begin with, ._tl then tapering .if. On,. gets i-' " ::-'-
slightly different answer_ if on,. gt-'a thr,mgh th,_ ;_ 10o - " "_-.-,.
fiehl horizontally, l_lrthermor., witlt this model, :'! _--_-.

ymi can just as e_ily eh-on_, a trn¢l_ that do.s n.t _,u- """--....._
go throuff.h Shy ih,nt,vr, hut (dr t. _... ni,b', m that (iI_f}UNbPIANI- "-
you gvt side wing m.! grn_li,.uts in all three dirts- . I
tions, sinmltaneously. Thecquati,,asthatde.cril.. (I 4q _iil 17(I I¢_0 ?u();'40 ;!;_0 li't) IS,u

such a flow fiehl are quite simpl,, and easy to ira- I)IqTANC.I(M) (X]()l )
i)lemvnt for either a max'hin,, COml,ttation of flight
paths or in reM-tin., -n a sinmlat,.' to give pilots I Jquvo *J. RtrbpOll.,V t,l llltt:rt_bur.,I.: A.t.mi_t I,

the exercise of flying through a mierolmrst. Y-u L_l,_dilltj; (i _"; XIL) 0/L';

cat. easily change the height at which you put the y _ 0; h° _U0m (t I iuht l'oth)
doublet sheet; you can change its diameter; you
can change its strength; and, if you want to, you
can play games with the distribution. We ran a The second project is a study of the landing or

couple of exercises of flight through our model us- takeoff through the planetary bmmdary layer. To
hag a commercial jet transport (Figures 4 and 5). study this problem, we started about ten ycaxs ago
With fixed controls, the downburst can be seen to with the development of a planetary-boundary.
be quite severe. On the other hand, with an au- layer wind tunnel in which to simulate the shear
Somatic control system that is tracking the glide and turbulence that exists in this situation. We,
slope, the latter is followed quite closely down to then make the necessary measurements of the up-

: the height where a transition would occur. This is propriate time-delayed cross correlations down the

; a relatively straightforward system operating on glide slope, including the gradient terms (rolling
height error. That is project number one that I gusts, pitching gusts) as well as the U, V and W

i wanted to tell you about, gust terms. The facility itself is pictured in Fig-
ure 6. We have at the upstream end, a grid of
jets in eight rows which can be individually cow

i _ trolled row by row and in sets of three across
i _ any row, in order to generate the desired veloc-

200 ity profile. We have been working essentially with
"""- power-law profiles, but you could use something

150 different. We need a barrier and roughness on the
,- _ ""-, floor in order to get turbulence intensities reason- '_

_, 100 ably simulating those in the atmosphere. Figure ? _
"-. shows one particular set of measurements we have

50_ ""'-.... made and which have been published recently in
ROUNDPLANE N_ "-.,_ one of our reports. It is an example of the time-

0 4(} 80 12O 160"2()0 2_10 280 320 360 delayed cross-cotrelation between the lateral (side)
component of wind velocity at two points on the

DISTANCE(M) (XIOl) glide slope. In this particular set of experiments,
hotwire anemometers were used in pairs, so it was

Figure 4. Response to microburst: Controls- like the NASA B-liT me_uriug gradients in the
= -3°; _- O/2; y = O; air. We had the equivalent measurements at twofixed; G XTD

ho = 20Ore(Fltaht Path) points that represent the wing tips and we were
measuring cross.correlations between data at one
point on the glide slope and at a lower point, time-
delayed by the interval it takes the airplane to go
from the upper point to the lower point. This is
only one example out of many eorrelatiot_s. The

(/_ - ta)I _econds at the bottom is the time-delay.
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, Figure 8. Aircraft RMS response -- AyI

-0.2 : : : : : :
). 0 0.008 0.016 0.024 I turn now to the third project, an airship in turbu-

lence. Figure 9 shows the same wind tunnel again

(,- - ,,) " (see) but set up a little differently to study a somewhat _ _..

, _ Figure 7. Flight path turbulence correlation-- different probleni. The setup here uses the grid
of jets all blowing tmiformly to produce an essen-

Rvovo tiaUy constant field, and a very coarse turbulence
grid to produce quasi-isotrcpic large-scale intense

Figure 8 shows the computed RMS response dur- turbulence at the location of the model, which, in

ing the descent. YI is the lateral dispersion in an this case, is an airship. The aim of this investi-
inertial frame of references and the results are for a gation was to fred whether the most commonly

8TOL airplane descending through the boundary used theory for the turbulence-induccd forces on a

layer using the wind tunnel data as inputs, scaled body like an airship was an) good. That theory is

to hill scale. The PM8 value is of an ensemble the "slender-body/strip theory". I suspected that
of flights. The figure shows how this RMS dis- it wasn't much good. There doesn't exist in the

persion increase,a with ,listance as you conw down literature any really good data for use in compari-
front the starting point to the ground. The various son, so we _mdertook this experiment. The model

curves show what happens when you siniplity the wa,.'_instrumented so that it had two degrees of

calculation by h, aving ,_ontething out in the driving freedom, heaw, and pitch. We have two force sen-

matrix of the system. It turns out that the biggest sors on it measuring the aerodynamic load at two

term is _he rolling gust term Pg. If you tried to positions st, that through calibrations we can de-

ll
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duct the lift and pitching moment, which would fins were going to do. They are just some little
be the same, if you rotate the system 90°, as side airfoils at the back and we can calculate that, so .

why should we bother to do it? The real question
,,,_.,,_. _,,,, .:, .,.,oN was the hull. It turns out that the most interesting

'i _J 4,_ j RUNS3 & 22 BAREHULL&HULL WITH FINS i' is, f";' _ iliil RE - 1.34x 106 a_ = O. DEG BAREHULL

RE = 1.37x 106 • = O. DEGHULL WITHFINS

Figure9. Wind tunnellayoutfor 0.8

airshipstudy _ _ _,.._,- WithoOt

symmetric. The main result we got is shown in ' V _
Figure 10. Plotted are the transfer function from

up-gust to normal force and from up-gust to pitch- _ 0.21
ing moment. Also shown are the corresponding

,---j-g_
predictions of the slender-body theory, and they _l& 0"0_
are quite di/_erent. So, as a quantitative means of _1 _ i

b _ _ finding out what the hull contributes, the slender-
body theory is certainly inadequate. We almost

didn't do the experiment with fins. I told the stu- 04 gi_ __ _thou_.
dent doing the experiment that we knew what the

Simple slender body theory

Bare hull- no fins 0.00.l 0.5 l 5.
RUN3 RE = 1.34x ]05

= O. DEG 2.0 _ (FT']) ,
2.0 .....

, Figur_11. Systemgustresponbecomparison

__ Figure 11 shows the transfer functions with and

l'0i without /ins. Now, it is perfectly obvious that
J at zero frequency or wave number, you have the

0.5i steady state ease, and adding fins must add lift. 'i_i. _i Indeed, this is what we see. However, as the fre-00

quency goes up, the effect of the 8us is to dimin-

i 2.5 ish the liftl The maximum reduction occurs at a

J

,. wavelength about twice the t.uli length.

_, 1.5: .... With the pitching moment, we get the opposite

i rt3ult_when you add flus, it reduces the

_ 1.0i ,_..__, __..__ low-frequency value; at higher wave numbers, it
i,, i goes up above the value without fins. AlthoughO.5 the slender-body theory was quite inadequate to

predict quantitatively the transfer functions of lift
and moment, nevertheless, if it is _ed to com-

i 0"%1 .05 .1 .5 1. 5. putt the Rhase ankle between the hull lift and the

flu lift, it turns out that it explains this peculiar
": st (FT"1) behavior very well.

FigureI0. Experimentalresultsvs,
simulation
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•!_
That concludes my presentations of these three a loss of air speed, so long as yon ar,_ still safely
pt'ojects. We have done some others that relate to below stalling angle of attack, the correct thing
automatic control of vehicles on Imading, and our to do is t_. pull the wheel back mad compensate

conclusion reinforces what has already been said with additional angle of attack for the loss in lift
=_- at this workshop, i.e. that where a microburst is associated with the loss in air speed. Automatic

concerned, or, indeed, a strong wind shear of any controls have no trouble doing that as you saw in ,.
kind, an automatic pilot will do the right thing Figure 1.
in terms of pitch attitude; whereas a human pilot
may well be inclined to do the wrong thing, such as We did a similar study of an automatic abort sys.
putting the nose down when it should come back tern that had no trouble carrying out aborts through

up. What i._fundamental to this is that when land- very strong wind shears, that included both down- I
--' ing at an approach speed of 1.3 Ve, there is a 69°_ drafts mad horizontz, l shears.

lift margin available. Comsequently, when there is
Thank you for your kind attention.

GENERAL DISCUSSION

SUBSEQUENT TO IMPROMPTU PRESENTATIONS "

,: QUESTION FROM THE FLOOR: COMMENT: DR. FROST ._!

_' Dr. Etkin, could you please explain the relatinn- We have found in analyzing the NASA B-57 data-- t

ship of NASA's Gust Gradient Program with that for flying both near thunderstorms and doing touch-
of Canada's study? and-go's, (i.e., boundary layer turbulence) that

the yon Karman is generally valid. We have also
ANSWER: DR. BERNARD ETKIN looked at the data from the array of towers at
As a matter of fact, I only learned about the NASA NASA/MSFC; in that case, if you get too close to
work a couple of days ago when I read the report the ground (that is ,bout 70 feet), you begin to

of last year's meeting here and found that some- get into some trouble using yon Karman. How- ,_
body had made a report on it here. There has not ever, around the top of the towers, yon Karman ,
been an opportunity to make a comparison yet; looks pretty good. - '
but our data implicitly contains some things that _
were measured in the NASA Program. So, when QUESTION: K. H. HUANG, FWGI ASSOCIATES,
we see you.- report and you see our report, some- INC.
body can see if the numbers come out the same. Dr. Btkin, which control laws did you use when ._

I would guess that they do. Just let me say this, you simulated airplane trajectory flying through
because I think it is significant. The work that your doublet wind shear?

I reported today on this gradient data was done ! _ _ .,_a couple of years ago and it was published in tAe ANSWER: DR. BERNARD ETKIN

Journal of Aircrdt in a paper by Dr. L|oyd Reid, The automatic control law used in flight through
one of my colleagues. What Dr. Reid found, and the microburst is given in detail in the report. I
I think this is a very important finding that some- do not recall the exact details, but if you see me
how has been overlooked by the seronsuticai en- afterwards, we can look it up. I do not recall the
gineering community, is you can use the yon Kar- exact algorithm we used,.but I can show it to you.
man model of turbulence in the planetary bound- It basically.operates on height mad speed error and
ary layer with reasonable accuracy for these land- tracks the glide slope.
Lug and takeoff problems providing you make a
few empirical adjustments in choosing the correct QUESTION: DR. FROST
intermediate value of L and sigma that relates to Is it ground speed control or air speed control?

the upper and lower points. The student who did "
the work that I reported here intends to carry on ANSWER: DR. ETKIN
and look at gradients and see if they fit the yon It uses airspeed feedback.

i Karman model. My guess is that they will prob-
ably be very close, and that the ones measured in
flight by NASA will be. too.

m,_ N:
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QUESTION: K. H. HUANG you would have. to say it was a dry downburst.
My second question is, "In your wind tlmnel teat While we are on wet and dry downbursts, another

with the airship with fins, why does the force and thing we were discussing is that when the JAWS
, pitching moment first decayed and pitching up oc- Doppler measures wet downburst, I assume the

cur in high frequency? _ Doppler radar gets its reflections from the rain-
drops. So, if you w_mt to conclude from that what

ANSWER: DR. ETKIN the velocity field of air is, you must assume that
: The qualitative behavior of the normal force curve the raindrops are good particles for tr_in_ theI
t with frequency is explained by the slender-body air motion. If those raindrops are up to 4ram or

i theory. It is because of the way in which the Era- 5ram in size, that is doubtful. We saw one pie-
client of cross-sectional area dA/dX comes into the ture on the video yesterday at noon of rain in a

_. " theory. When this i_ positive, an updraft gives downburst, mad the figure I showed, talten from a
! ' positive lift; when it is negative the updraft gives meteorological paper, showed the rainfall pattern

, negative lift. When you work that out for slnu- hitting the ground with a normal component, but
soidal upgnsts, then you simply get the results I the air does not reach th¢ ground with a normal
showed, component. So, it has to be wrong close to the

ground if you are assuming the raindrop velocity .

QUESTION: DR. ETKIN is the air ,relocity, and I do not know how wrong
I would like to ask Dr. Houbolt about hie new it is as you go up from the ground. I think that
Eleventh Equation that goes on humanity's list of really has to be looked at.
famous equations....I presume that is for a con-

, trol's fixed airplane? COMMENT: JOHN HOUBOLT

,i_i: While Prof. Etkin is in the limelight, let me put-ANSWER: DR. JOHN HOUBOLT sue that question about the control law. We do
That is a controls-fixed airplane and is based upon not want to go into detail, but I think we should

i an airplane having two degrees of freedom. The at least establish that your control laws not only
_i outcome is pretty general for all aircraft, control your elevators but your power as well.
F
_, COMMENT: DR. ETKIN COMMENT: DR. ETKIN i

'_ Of course, when you put controls in, you change We did control the throttle from airspeed feed- " '
thet sigma all over the place, back. What we found for the eases we looked at

was the control of thrust didn't make very much
! QUESTION: PAUL KADLEC, GLOBAL difference. With a 4 - 6 second spool-up time on a

WEATHER DYNAMICS jet engine, it helps some if you control the thrust,
I have a question for Dr. Etkin. Have you consid- but the tla'mt is not an effective speed control.
ered in your analysis of the downburst and the

pitch-up attitude, which I certainly suscribe to COMMENT: DR. FROST '_.,
, in the non-rain environment, what happens in a It does make quite a difference in our model. If ._

heavy rainfall environment, like Jim Luers and the you use thrust to control relative air speed, you
people at the University of Dayton are looking at. will encounter real difficult T when the wind shears
Do you see a difference in the pitch-up attitude of out. This is not the case when you control ground
an aircraft in a heavy rainfall environment versus speed. In both cases, we control speed with thrmt.
what you have described in a more-or-less clear air
environment. COMMENT: DR. ETKIN

i,7 Are you saying that the response to thrust is fast
ANSWER: DR. ETKIN enough that you can actually get enough speed dif-
Well, I think you had better trek Dr. Luers. He ference in those few seconds to make a difference?

says that the heavy rainfall can reduce C/, max We didn't notice that. Maybe we were using too
significantly. Now, if that's right, there surely is a slow a rate of thrust increase in our model so that

big difference between dry and wet. I would like it did not come on fa_t enough to make a differ-
to think that whole thing would be explored much ence.
more fully to really settle the question; because if
you do not have the lift margin, you have to use a

i, totally different automatic coutrol strategy. Ours r
w_ brined on the lift margin still being there, so

14
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QUESTION: TOM GENZ, NORTHWEST AIR- the grolmd, what you are measuring is less and .,
LINES, INC. less close to the _1elocity of the air. Now, this is '
In trying to understand the dynamics of the mi- only a qualitative reaction, _md all I am doing is

eroburst/downburst concept, trying to incorporate raising the question. Someone really ought to look
speed of motion in this, the time display, result- at it to see how faithfully the raindrops of the size

i ins in the _ymmetrieal parts of it, in trying to that are actually present do, indeed, reflect the
• correlate that with what is coming out of JAWS velocity of the surrounding air.
' and what the data is there, it is very interesting

that you point out that in your opinion there is a COMMENT: KIM ELMORE, NCAR

distinction between the raindrops, particularly of Dr. Etkm, the problem was addressed in a pa-
a certain size, and the velocity of the wind. Could per several years ago, aud what they found, while

:. you elaborate just a little more on that, please, I cannot recite to you who the authors were, was
and tell us which way it is going, because as I am that r_indrops make a very good horizontal tracer,
sitting here, it is not clear to me what's happen- but a ve."y poor vertical tracer. In fact, in the pro-

ins, or what you perceive is happening, especially cess of synthesizing the_ three-dimensional winds
close to the ground'{, from Doppler radar da_;a, we use a reflecting es-

Which is moving faster, where is the inaccuracy, timate of the sise of the particle, which will give
us an estimate of its terminal velocity. The ter-

and what degree of inaccuracy are you thinking as minal velocity is removed. Now, it is true that
a preliminary? raindrops will not follow the reaction distance you

ANSWER: DR. ETKIN gave, which I believe, is a term they used in the i
:. paper, but you h ave to remember that a Doppler

; Well, I am just saying tb.at I have recently done a
lot of calculatio=_ in another connection altogether radar gathers data in pulse volumes that are a seg-
of particle trajectories in flow fields. Characteris- meat of a cone that is, roughly, IGOmeters long,
tically, particles that are very small will follow a and maybe I° wide, it depends on how far from
flow field fairly closely. Particles that are larger do the radar you are...how big this pulse volume is.
not follow the flow field _s closely, and it strikes The second thing is that a Doppler radar really

me, for example, that something on the order of never gives data right on the ground, although we
I' 4ram or Smm in sise will have a reaction distance will blithely tell you that this analysis starts at

the ground level, which is not really true, that is
of quite a few meters, and from a standing stact, only true for computational purposes. Most of the
such a p_rticle might take up to 8 or 10 meters
or even more to come into equilibrium with the time, depending on the distance from the radar,

_ surrounding flow. Now that means that it lags the center of the beam is at least several meters
!_ off the ground, and sometimes 20 and 30 meters
; what the flow is doing, so my image of it is that off the ground. It is true, that if there are anya raindrop is coming vertically downwards, em-

bedded in a flow that is coming vertically down- errors in our estimates of the wind speeds, the er-
wards. As it approaches the ground, the flow turns for is low. The actual air speed "_,ould be a little ,
more and more rapidly, and the raindrop tries to higher and the raindrop speed would be near the _ "_
follow it, but la_s; so that in the end, the rain- ground. The next thing you need to remember is

that in many instances, JAWS microbursts weredrop comes down and impinges on the ground at
some angle while the flow manages to make the full w_at we considered dry, which means that there
900 turn, the raindrop has not. If, therefore, you was not very much rain on the ground, and that
are measuring the horizontai component, which is which occurred consisted mainly of small drops.
what this Doppler radar does, of the velocity of Small drops are very good estimators of the wind
the raindrop, then as you get closer and closer to speed. Therefore, we think that our errors are not

very large.

t
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WORKSHOP REVIEW: _ i
ACCOMPLISHMENTS PAST, PRESENT AND FUTURE ,d

Waiter Frost and Dennis W, Camp

The purpose of tonight's presentation is to review Now, at the far end of the table, sr_me of you maythe past workshops. We would like to quantify, recognize my wife, DeeDee, who has been with ,_s
I or identify, programs which have evolved from the at every workshop. She has assisted me by having ,.

recommendations which you have made at previ- infinite patience to begin with; but she has also
ous workshops, It is difficult, however, to quantify served us by taking your wives on safaris to exotic

exactly what the workshop has done. We are cer. places in Tennessee, where they can spend your
. tain ,,hat exchange of information across interlaces money and keep Tennessee green. More than that,

of the different aviation commtmities has taken however, we hope that she takes them places where
place at the workshops. There are also a lot of they find it extremely enjoyable. Thus, they will

o ideas you obtain here in talking with the atten- see that Tennessee is really • _eat place, and they
dees which you take home with you and put into will bring you back so we can get your expertise
effect in your work. Again, this is very difficult to at the workshop while they are out having fun
quantify. Therefore, what we plan to do tonight is watching Tennessee walking horses and things like
to pick out some recommendations from chairmen that.
reports in past workshops, and have a speaker de-
scribe ongoing programs that are addressing the You all know Dennis Camp, and he will be up

particular recommendation, here in a moment. Sitting next to Dennis is Bar-
barn Smith. Barbara is Administrative Assistant

By way of introduction, Figure I shows all the pro- at FWG Associates, Inc., sad often finds herself
_. ceedir_gs which we have published through 1982. I late at night or on weekends typing up presen-

want to call attention to the pictures on the ,_ront tations and parts of the workshop proceedings so
"_ of each proceedings. They are original blackline that we can meet our schedules on time. Although

drawings. I have held out for a long time against Barbara does not work directly for UTSI, she has
the suggestion that we should put a photograph been extremely helpful in making sure the work-
on the cover rather than an artists' rendition. The shop comes off successfully.
first two covers were drawn by Roxsmae Binidey,

who worked with us a few years ago. The ocher Next to Barbara is Linda, whom you have all had
four have been drawn by Mutt Suttles, who works a chance to meet. If you haven't, I'm sure she has .

i l with us now. I had hoped Mutt could be here, talked to you on the phone. Linda, after Pare left,as Mutt is no small artist in his own right, and joined our group here as my assistant in putting

he does a very nice job of artwork. He is a mere- on the workshop. The other day she said to me
bet of the Tennessee Commission on Art and has that she needed an assistant, and I thought about

that a iittle bit; but I decided that she alreadybeen a member for two years. He has won many
regional and national awards for his artwork. He had an assistant, and that is reel She is such a
has a drawing han,,--ing in the Parthenon Art Mu- go-getter as most of you know and she really lives _ I,,
seum in Nashville, so I emphasize that this is very up to the adage, "There they go; I must hasten
good art. after them, for I am their leader. _ She i_, in many

cases, responsible for some of you being here. If

:' The title of this presentation is Workshop Review: she didn't twist your arm, she twisted your boss'
Accomplishments Past, Present and Future. To arm, and we really appreciate all of Linda's work.
review and highlight the past, some of our tech- She has been helping you out through the preced-

._ nical editors from previous programs whom you ing days and will he helping you out tomorrow. I

_. have had a chance to work with in the past have think she deserves a round of applause for all of
: come back to be with us tonight. Pare Parsley is her workl

here. If you recall 19._9 and 1980, she was assisting
me in putting on the workshops. The 1980 work- One thing more before we get on with our pro-
shop beat's her name as Technical Editor, which gram. I would like to introduce some of our at-
she did remarkably well, particularly in making tendecs from outside the United States. We have
sure that the spelling and grammar, _ well as all a large contingency from Australia. We have Bob

transcribed mistakes, were corrected. She is an ex- Crowder, Colin Noble sad Geoff Molloy, and they• • cellent English major and is back with us tonight are so pleased with themselves for winning the

to review past workshops. I am going to ask her
to say a few words shortly.
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WalterFrost

d

AtmosphericScienceDivision
Universityof TennesseeSpaceInstitute
TulIahoma,Tennessee

and

DennisW. Camp •

i. AtmosphericSciencesDivision

SystemsDynamicsLaboratory
NASAMarshallSpace FlightCenter,Alabama

• _,) FigureI. WorkshopReview: AccomplishmentsPast,Presentand Future

' " Americas Cup, that I think they are back hereto see what they can win out of our aviation pro- "_" " _

i grams. We have two representatives from Canada: ,1"_
Sepp Froeschl, who has always been a friend of our
workshops; and, for the first time, Bernard Etkin,

l! who stole the show with his wind sht.ar
presenta-

tion today at our Impromptu Presentations. We
rF:

do not really consider Canada a separate coun-
try; but I think when they go to exchange their
money, they think probably that this is alien soil! "-

of some sort because the exehangc, rate if terrible

. nowadays. Finally, we have Nicholas Haas from
England.

Figure2. "TheOriginalFive" 'i_.,,
Now, let us consider how the workshop began. (OrganizationCommittee)

Figure 2 shows the original five members ot the
Organi_ation Committee. The workshop concept romnental mad Life Sciences, DOD, represented by

i originated basically between George Fichtl, Den- Col. Paul Try; and The Office of the Federal Coor-

i his Camp, Jack gnders, and myself. We, then, dlnator for Meteorology represented by Emanue!L- solicited the support of NOAA and FAA, result- Ballenz_.veig. We are happy that they are support-
f

r ing in the Organization Committee's consisting of ing the program and that they will work with us to

_. Jack Connolly, NOAA, on the left side of the pie- put on future workshops. The workshop is hosted

ture; Jack Enders, NASA; Joe Sowar, FAg; my- by NASA Marshall Space Flight Center and byself; and Dennis Camp from NASA Marshall Space The University of Tennessee Space Institute.
" Flight Center. Original sponsors of the workshop
i are shown in Figure 3: the Ofltce of Aeronautics

The purpose of the workshop is to bring together

._ and Space Technology, NASA; National Weather various disciplines of the ._viation community with

i Service, NOAA; and the Systems Research and meteorologists anc_ atmopsheric scientists in inter-
Development Service of the FAA. We now have, active committee discussions in an effort to es_ab-

_ for the first time this year, two new supporters lish and identify th_ weather needs of the com-

i nmnity, _ud how these needs might be satisfied ,of our program. They are: The Office of gnvi- (Fig_tre 4). The workshop thus provides, on an

\,

L
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, OffIceof Aeronauttc(zlon_S_ce Tecl_nology nity fora mix of researchers, pilots, designers, fore-
x f_tlonal Aeror_utlcs _,_clSPace At_itlnlatrcltl_ smears, aircraft controllers, etc., to get together

D laQttonolWeatherService and to pre_ent their individual ,rid collective ._h_zttonotoce_zntcandPln_pI_erlcA_tnistfqtio,3 views of weather Froblems to the research com- _,
Syst_m_Reqe_rcltQIIdOev_lo_,ent_ervtce reunify. We had a small group at the flntt work-

FederalAvlotlo,IAc_tln|_trotlon shop, but we had some very interesting discus- ,
Officeof Envlr0_r_ntola,_dLife Sciences Siol_. At that workshop, as has been the caseat ._'

! _port_nt of 9efen_,e all of our workshops, there was considerable dis-
Office of Feclerol Coerdtn_tor for Meteorol_y cuasidn about wind shear. Bill Melvin presented

_ the 6rat paper to ue on wind shear; and in his pa-
_0RKS,_0PMosls per, he drew the picture shown in Figure 7. This.i

NAS,_t_qrsl_llSpaceellght Center picture has been a recurring theme throughout the
,,untsvttle, Alol_mo wind shear program. Bill Melvin was at our first

TI_eUniversityof _'enne_eeeSpaceInstitute workshop and has been at every workshop since;
'_ul loho0u, Tennessee

eo he has a perfect attendance for all seven work-
Figure 3. WorkshopSponsors shops, and Pare Parsley has a small momenta to

preswnt to Bill for his participation in our work-
...." shops. Pam, please come to the podium. *

The_mrkirmp_mt establishes for the PurPole Of Cringing together o

• .lae ro,_e o_d variety of OlsCtellnet of tlze ovlotlofl r._ltyo I,e..

_' airlines i_o$ienger, cargo, or_ commuter), general aviation _llltory _.

: aviation, aircraft manufacturers, safety Investlqotlons. regulators.

,q elf truffle co.trollers, educutore, r_i_rcl_ engineers, otmos_erlc _ -_. sCl(,qltlst$,e_teorolOqliti,w,_flUlerforeceiterl,etc., In Interectlve ,,..
discussions In on effort to estol)llth onq Identify tile weather flee_s _tmNm_ nm w_._

" -,' _ of the ovlotl_ comtmltY and how these heros eight _ett De totllfle_, mm_ttmatm

L_ _' Figure 4. Purpose of the Workshop "'Z.._---_ _ :

!__'

" annual basis, a collective view of aviation weather "I_V k'Im ._f:om the users, suppliers, regu]a_ors, researchers, :
and educators of the items listed on Figure 6. This _,
collective "flewsatisfies the needs of the sponsoring .9.. .....
agency relative to 1) knowledge of the interaction -- '..,

of the atmosphere with aeronautical systems; 2) F*gure 6. The first workshopprovided an
better definition and implementation of meteoro- opportunity for a mix of researchers, ,
logical sexvices;and 3) collectionand interprets- ptlots, designers, forecasters, air
tlon of data for establishing operational criteria traffic personnel, weather service
relating to the total meteorological inputs from specialists, and atrltne management

to expresstheir individual and '_,
the atmospheric science_ to the operational and collective views on aviation systems
educational needs of the aviation commtmiW. weather problems to meteorologists,

atmosphericscientists, andresearch
engineers.

I •

I1_ 00Jectlve of the _orlttltoe |! to provl¢R on (xt ormuol IxIIll 0 collective

view of aviation .tother from the uteri, st_li.*rl, requlotors, reltmrcheri,
0,_ educators as tO: t

(s 1, S_e_tftc refo_t'_e_ ccttons retettve to _vtett_ .eother _et_s

0_ el. ogefl¢le, reNx_ill),e for ,otlifyln9 tl_ele nt_,, ___c..._t____sofet:_ renulotlonl° on0 t¢olnin9 tec_lquel_

•-L., 3, [leflclt_¢les o_1 veldt In curr.',' aviation lYlte_l ond0Perntlorml

orocec;_res_

t,. O_-_lOq research ond develoPment_ _d ,_

5. New or recurrlnq prelim o_ future 9ro_rom_l to uilevlote tlwse, _ ......... _'

-
Figure 5. Objective of the Workshop

, The first workshop was held in 1977 (Figure 6). ._
" It wss speciflcally designed to provide an opportu- Figure 7. Bill Melvin presentedthis picture at the1977_lorkshop
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PAM PAP_LEY OF POOR QUALITYmost significant things to the Air Line Pilots Asso-

ciationh_ been the dialogue that occur, at these

Bill Melvin received his B.S. degree in Mechanical meetings. At the workshop, we participate out
Engineering from The University of Texan in 195G, of the formal atmosphere of reknflatory agencies

inandtheWaSunitedamember of,,,_Tau Beta Pi. He served in. ,,,,_ulasl_:n_t_n, and we come to some rose"n-treK
ofStates

J_avy fromAftert95Gthe1959_:as the minds. We have a lot of informal:ion exchangeP_trol Plane Commander.a

soL-wee,As, which occurs after the fa,'t with people we meetBill became
_":,_n_,neerfor Texas Research here. We talk to them almut other subjects and, in

an

snciates (now TRACOR) in 1960, before begin- thi_ way, we are making a lot ,if progress. Thankning his commercial flying career as a co-pilot for
you.

Alaska (loastal Airways in 1960, then to Delta Air-

lines. Bill is presently aJl L-1011 Captain. he has DENNIS CAMP

held numerous Air Safety positions with the Air I represt,nt the st,rend half of the workshop direr-
Line Pilots Association and is presently the Chair- toes and editorial team. Some of the recommends-

man of the Airworthiness and Performance Corn- lions front the first workshop related to simulation
mittee;member of Delta B.767 Evaluation Com- and aircraft deslo_,...o_Different turbulence mo,;el:n.,...,_
mittee; ICAO WIST Study Group; IFALPA Air- and design criteria studies were reviewed. Figure
worthiness Study Group; and the National Academy 9 summari_es some of the discussion. , _:
of Science Committee on Wind Shear. He is the i

author of a number of technical papers on wind The strong support of the need for a study of span-
shear and other subjects. He is the recipient of wise gradient or distributed gust velocities was a !.
the ALPA Annual Air Safety Award for 1977. He significant factor in the evolution of the RB-57

• is also the recipient of the award from the Flight Gust Gradient Program. Figure 10 shows the air-

Safety Foundation for work in wind shear. He plane that we use in the Gust Gradient Program.
.......I_ holds several patent_ in the field of flight instru- I thi_k many of you have seen at least a version of

merits, this picture. It is a B-b7 which is presently based
' - at the NASA Dryden Flight Research Facility. If

i Bill, if you would he so kind as to join me up here, you will notice, we have booms on each wing tip,
please, I would like to present to you this award for a nose boom, and are collecting about 57 different

o. your contributions to and consistent attendance meteorological parameters on this aircraft. We are

_ . for seven years here at the Annual Workshop on calling this a severe storms flight program. It is a
• r Meteorological and Environmental Inputs to Avi- research aircraft, and we would like to talk a little

ation Systems (Figure 8). We would also like for bit about the man who flies this aircraft. Our ms-
you to say a few words about what the workshop
has meant to you and what you feel the workshop
has accomplished. Congratulations. t.,,h._m

AvoItohle desloPlm_tbod$god f|lght control ono'yses utll Izlflq
....t_ existing '.urDulencere,loll ore generally valid for from grou,d.

BILL MELVIN b.t o,,ruu_lersto,idlngof theno,lstotinnOrvoPatchy.or Inter- .),

Thank you. I appreciate this award. One of the n,ittentnntu;eoJidof thesnotloI distribution af turbulence _. ,
7. Ol.=O¢the.)round.bothover the ulrpioneend alongthe flight

_th, IS pOOr. HO,C _ItQ ore neededor, eddy site, sponwlse
:i_ i qroolentso lateral gusts, cross-correlations, ond other turbu-
i}:'i . fence statistics, In "ddltioatO not accounting for IO_

oltlt_e selects, tl_e curre,t models tmve not been proven
O_apote for future generation aircraft oestoneo with new
concepts, e,q,. ct_rI)(.site str_tures with laroe _flectlon$

_!_ hovtn_ different fregucncles onOmodes,

L. _onttrl_escortJL_¢_ _ _l_le =:

i l. lleltMASAi,titloteo Reosnrt_ntof Atmo_pher|cTurbule*lce(Gust
ear.Senti Prou,_. to $t$ldy spdn.ise 9,u()ie,)I$ or dlstrIDuled gust
veiucitles.

_, ['(lu_Zlerfurt given to discrete *lust mooeit ot Ill given 'O spectral
d_nsltv n_tleis; ttter_fure, ro_mf_'uo_ailonto reInstczte e..Irller V_,
Oxogrf_5,

$. tow ulttt,de flight _us,ror_nts nlo_9 typical qildeslopes with
(i"PbUStSgiven to problu9 re)rat cuss condttiofls,

W, Further tlWeMtgotton to severe to. attltuCle turbulence through tttwee
L_Cd p_o_utPmettts.

5, Ileseorcll work to identify turbulence levels and location in ;hU.der-
_*_" 5tur_ uSlft9 t_ mlcro_ve DoPP]or SflstCod of Instr_,ented olrcr.t

Figure8. BillMelvinaccepts"PerfectAttendonce"
awardfromPam Parsley Figure9. Summar)of discu_,sionon turbulence

%
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we haven't pursued a_ sufficiently as Weought to,
avd we should laake some lnetmurements directed

toward understmading this phenomenon better. It
is especially important bees.as often, when we '..me
simulator studies and input turbulence, the pilots
will report that it just does not feel like turbulence.
When you analyze the situation somewhat better,

\ it shouldn't feel like turbulence IJecall_e only one
sort of input is being uMed and the various eom-
i)onent_ of turbulence that the Mrplane is experi-
egtcing are not being simulated. Lu particular, at
least three eompoue,ts of turbulence ought to be
included in Arty_imulator study. One, in the verti-

[tqur0 ]0. RB-57GustGr,tdientAirpli,ne col motion which is the one most often used. The
_eeond is the roll condition, which often abntptly

jor pilot for this program ie Fitz PulSes, who also happens, and thirdly, is the pitch condition. That
hem the flying responsibility for the B-747 which was really the motivation behind this whole pro-
carriesthe shuttle around the country. He was gram _soeiated with the B-57. The object is to
part of the crew which recently carried it to Paris. put several probes on the airplane, go through var-

i We are also proud of the researchers and opera- ious kinds of turbulence conditions, particularly
tors of the aircraft. Wen Painter and Jack Ehern- during approach, mad measure the horizoatai, ver-
berger operate it out of NASA Dryden, and Hal tical and side force turbulence at the probe peal-

: Murrow and Bob Sleeper who work the program tions. These can then be correlated with some of; .

! from NASA Langley Research Center. our perceived theoretical study. Dr. Etkin talked
about a wind tunnel study which simulted what

At this time, I would like to introdure Dr. John we are trying to do in full scale. It would be very
Houbolt of the NASA Langley Research Center , interesting to see if some of hi_ results correlate
who was really one of the key people who pushed with the results we have obtained.
the Gtmt Gradient Program, and were it not for

him, we may not have gotten it off the ground. What we are trying to do is to understand the gra-
He has been at Langley for a number of years as client in gusts across the span; what some of the
a Chief Scientist, and has been involved in acre- distributions are; what some of the power spectral
nauties for many years. So, John, would you come techniques or intplications are. I have noticed ed-
forward and make a few comments about the Gust ready some o_' the preliminary results show that
Gradient Program? the power spectra derived do not seem to agree

with our theoretical predictions; but today I have

JOHN HOUBOLT spent some time and have worked out an analytical ,
Thank you, Dennis. As I start, I would like to reason why they don't. That goes back to a thing _
make this observation. Walt, no matter how you that we all should keep in mind. When you have
wrap it, this technical discussion is not needed at data, l:e very earef_ how you analyze sad inter-
a meeting like tonight's, pret this data because the numerical aspect of your

data tmalysis can often distort it. As an example,

All of us who have flown, whether a pilot in the the cross-spectra tend to curve up at a higher fie.
aircraft or as a passenger, have noticed that of- quency which theoretical predictiot_s do not indi-
tes on the approach when we have severe wind cats. When you analyze the numerical aspects of
conditions, especially cross winds, the airplane it it, the data will, indeed, be distorted. Therefore,
suddenly rolled by at least 30 d.'grees or pitched vi- you must correct it. Those are the things that we
olently. This simply indicates that the turbulence are looking for.
or gusts that are experienced during appt 3arh phase
in the lower atmospheric boundary layer, or dur- Now, we haven't looked at all the data yet, and
lug flight through thunderstorms, or near thunder- tomorrow we art, going to have, hopefully, an hour
storms, are not uniform across the span as is of- to see where we are, where we are going, and what
teu 8_ssullled in theoretical ,_tudy. In other words, kind of progress can be made. That is all that I
there is a variation in turbulence intcnt_ity across want to say at the moment.
the wing span. I thought that this is an idea that
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..... WALTER FROST atUDRI, (.urre_]tnwmber ofAMS, AIAA and a

!_ Th," success of our first workshop was great. We member of the AIAA Technical Committee on At-
had a tremendous resl)OnS,'. Everyone said we mOsl)herie Environment. -lint. in his (twlt extraor-
should d. it agaih, and so in 1978, we prm'eeded diaarily non-perfunctory style says. and I quote:

• tq put ,m rmother worksh.p. This workshop fo- "I mtl n,_t a) a meteorologist; l)) a pilot; v)
cused .n a detailed examination {ff sume (if the an aerodynamieist; d) a traffic c,mtrn'h,r; elan
mm'e sew,re weather pr.bh.ms whicb w,,re idcnti- accident investigator; -r f) an Vml)lny,e of an air-
fled in the first wnrkslmI) (Figure 11). We took, line, FAA, NTSB, NWS, NASA, ete, _ Jim, would
basicMly, the mt],w apltrJmc, by lmtting togeth,,r you please come up an(I stsst(l here with me (Fig-
fixed and fl.ating emnmittees. H.w.ver, the tixed ure 12). It is certainly my l)le_ure t,, present this
eomntii',teeswere now m-re directed tfJ the things award to you for having a perfect attendtmce sine.,
we were trying to achi,,w,. At that workshop, there 1977 at our workshops, and w.uld y,m l)lease give
was a areat deal of talk about icing programs and us a few words almut how thq,w,_rksh.p has I)ene-
the l)r-I)h'm f)f frost ,m tit(, airfoils. Jim Luers flted participants, like yt)ursvlf over the past seven
w(_ present at that workshop. Jim is now known years?
as Mr. Heavy Rain; but in those days, Jim was
working w:.th frost ou the airfoil. The idea was
that if you leave an airplane sitting outside and
frost accunmlates on the airfoq, then you increase
the drag of the airfoil significm,dy which can cause
trouble on takeoff In some cases, small airplanes
had had accidents due to this effect. We really ,,.
appreciate Jim, because, not only has he been to
our first workshop, but he has also been at every
workshop since. He also has a perfect attendance
record, and Barbara has something to say to Jim. /

I_ .#
ii

1. _"_-- _

---- I ]97R
_' _I,H09 ON MItIOIO_OGIC4,
llg It4Vll_/M, fmllAI#_l_lft |o

= .,:,._:._,,._ Figure 12. "Perfect Attendance" award presented to

--_--_!'_L.;_=_ --v Jim Luers by Barba.'aSmitllm._. J IM LUERS

I _ Thank you. After listening to the accolades of
- ..,_ T Bill Melvin, with all the awards and the wonder-

I . , fulthingshehasdone,IonlywishthatWalthad _,,
a given me a little more time to write down all my _"
. credentials, qualifications, and awards. I forgot to

mention the one most dear to my heart..lust two
: weeks ago, our team received a trophy for finish-[ Figure ll. The second workshop focused os a
"_ de tai led exami na t i on o f the n,0s t ing in 2rid place in the Hamilton Merchants Horse-

severe weather problems which shoe PitchingLeague. In allseriousness,though,
wereidentifiedat thefirstwork- Ireallyappreciateand wanttothankWalt,Den-
shop with a view toward seeking

his and all the other members of the Organizationconsensus on appropriate public
[ and private sector actions needed Committeeswho have invitedme back here year

tosolvetheseproblems, afteryear.Iam a researcherand Illndthiswork-
_hop extremely beneficial and challenging in out-

BARBARA SMITH lining the various areas where research is needed,

We have a second award to present tonight and and in keeping nw up-to-date wi;,h what's going
that award is to Mr..lint Luers..lint receiw,d his on in the research e,dn.m_mi!y. That is really what
B.S. and M.S. degrees in Mathematics front Xavier we researchers try to do. This workshop offers a
ltniw, rsity. He is presently a Senior Research Sci- lmique opportunity to stay abreast of the needs of i
entist at the University of Dayton Research lusti- meteorology for all segments of the aviation com-
t,tte, Group Leader for Meteorological Research nnmity. As a researcher, this affords me the op-
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_ porttmity to interact with both the user groups taking place today at Lewis were established at
that need the meteorological data, M well ms the that wNrkshop which was based on issues discussed _

_ government agencies whose c|_arter it is to address at this UTSI workshop. I might point out that

. these n:'eds (_aid give us some flm(liz_g). There ;s, we ha',., a gentleman with us tonight, Mr. Dan_: however, a talent t, maintaining longevity in the Mikkela,n, from the Lt,wis (,*enter who will give
research business. What is foremost in address- us _ talk _n icing. He heads up the NASA Icing

f lug a rein.arch problem is to never really solve th_ Program at Lewis. Dan, would you come up and
_. resc_trch problem; but, instead, t- micover some giw' us a few conmu,nts on tha't program?
_ ' new reseaxch area, If y._t s.lve the problem, you
_.._ don't have a j.b. ltaving s,ccessfally mlrvived in DAN MIKKELSON

_.. ' this envir,,l,m_'nt f,r many years now, I feel safe in Thank you, Dennis. The workshop here ha_ bet,n
_'_ h,tting y-_l in on one of x ,y _ccrcts. 1 try to invent quite instnlmental in f_mtering ,mr aircraft, icing
,,'-_- new re,earth ar,,aa. ParHcipation in the workshop research pr.gram. Back in 1977, there really wasn't

help_ me do this. any program, and _ince then, we have grown at
NA;_A to abotxt a $I.5 million a year program.

_*"=.._:_..=_.. DENNIS CAMP There is a growing FAA program, too. There

_i At this _econd workshop, as Dr. Frost mentioned,
the iein_ program was cHscussed to a great extent.
A concentrated effort was focused on the reem'--_, F0r_J fAI_I 8_.st'ulc!b_(.e, t fJ_/gqtDR [:llgh_T_e__gl_gl

-. ring problems of icing. Helicopters, in particular, g_..r_ug_ul__uuh_l_t r,_Lths__:e2¢eaeato Neasure= ,........ were having problems and still are, as well as the • ClOud ltaula ,ater content ,f
=,, commuter, air taxi and general aviation aircraft. • DroPletsite

The committee laid out a detailed plan for a pus- • Outsideair te,verature
::,' sible way to attack this. As a result of this plau, • Clou_ Ice crystal content

there were many recommendations made, such as
_':: icing research, flight tests, certification, and up- _:

_' erationai usage instruments needed to make the • slmulatt0nfacilities are necessarybec0usenatural' o testing for Icing certification _ur_oses Is very
:-_'": necessary mee_ttrements. Figure 13 summarizes costly, time-consuming,anduncertain

some of these recommendations. Many of these , Im0rove_,_ntof existing simulation facilities and

......; have been discussed this year and will be discussed develoomentof ne_stmulatl0nfacilities is

at the next workshop. We have comments on sire- recm_ended
= elation facilities. These are necessary because nat- • NASA,FAA,and tl_emilitary servlces sb0ulclOeter-mine the craver mix of simulation facilities

o: ural testing for icing certification purposes is very • Develom_entof nvdellna techniQ_s to suPPlegentor
costly, time-consuming and uncertain. We heard, re_ucefocI11tv reaulrementsIs needed J_
not only at the workshop, but also in our retreat !in the early part vt the week, comments on how _Le.0_0_:

we may attack some of these icing problems. • Mete0rologtcoldato bose Is consideredlnodeat_te _tfor real-tl_e and fllobt I_laaning detemlnatlon of: :_
,,-T_

• Freauency of occurrence .
We al_o have a problem w".th the meterologieal • severity revels belo_ 1500feet
data on icing and how we analyze it, as well as , Forecast modellng

severity levels below 1500 feet. In our impromptu • t_CA__n_t_e _r _e_t_er Services_u! _. detemi_e
presentations today, we had talks on icing and the mo_t¢0st effective methodof fllllna _,he00t0needscn_ im_iem_ntinqtt_enecessaryorogrems

problems below 10,000 feet AGL. In Figure 13,
-. we bee forec_ting ,_f icing conditions, in which we F0_rU_l_t _U_gJ,_LU_ns: ._

still have problems. In fact, I think we should try • h_©rovelir_ntIn tlm caoobllltv to forecast ,clngcondltla(}sIs urgently ne_tled

to narrow our icing forecasts down from a one- or • Addlthmtdeffort slmuldbe devotedto the o_)PlIcO-
two- state area to perhaps a 50 - IO0 mile area. tt0a ,_ _0recast_els . !

,. , Ice '_,'vertty level should be stated Ill clu_ntltotlve

' We have design criteria problems and I might men- rather tl_n subjective terms
tics that shortly after this 1978 workshop, pea- • Installationof Icing severityindicationsystems
ph' at NASA Headquarters and NASA Lewis got onanaircraft fleet .ould benefit In acclulrlag .,:.
together and decided to have an icing workshop needed data for In_rovelncnt of icing forecasts

at NASA Lewis Research Center. Malay prob-
h'm'_ w_,re di_cu'_cd there, and nt_,.Jy.fthe things figure 13. Recollunei_dati_n_relative to i_ing,

frost, and snow ,..

.. q_
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are a number of activitb,s imderway. Models have DR, WALTer, FRt).qT

be_-n tested in our ]cin_ l_.esearch T_mnel at L,'wis, What wt. art. trying, to point out, _ Dan men-

P.nd we have sm,le activity ong, fing t¢_improve the tion,.,l, is that yaur ,liseussitms here anti your rt'e-
praductivity of that tunnel and itts ability to sinx- ,mxmt,ndations ar,, n,_t being ms<h, in vMn. We

ulate natural icing. These tmmel imi_r,vements are n,t sayin_ that the w,Jrksh,p is directly re-
will be ,'.mpleted mvh.r a $3.6 willion cm_struc- sp,nsibl,' f-r pr,,zr_wa Much as the icing iJr,grant,
lion of facility program. Dick Tobiason mentioned hut thttt it ltas pr,,vi,led tl,' imp,'tus t- gt,t s,me
that we art' prop-sing to rehabilitate a large wind of these pr-grmtts g, Jing. H,wew,r, wc have alwtty,
tunnel at Lewis calh,d the Altitude Win,! 'Ihtmel lind time t_ have' a lit, h. fun _ttth,. w,_rksh,qm. Fi_-
(AWT), nm,l cr,,ate a iargt pr,lmlsinn mr,! icing ur," 14 shrews mt iml_rrssi,m fr, mt l.tturt,n Slwnct, r
facility which w,,uld greatly enhance the nation's ,,f the FAA wh. ha._ bt'cn t, s.llw ,,f ,,or w,,rk-

grmmd simulatit,n capMfility. We haw' a Twin sh-ps. In I'J7tl,th,,r,, was st cry f-r all types cJf
Ottt, r aircraft timt we tty t,ut of L_,wis t,_ obtain ht._trumeuttttion and wanting sy,h'ms f,,r aircrafl.
natural icing data G,r eomparisnn with our tun. So, Laurcn put l,,g¢,ther this iitth, aircraft t,J illus-
nei results. Also, we art' th'vehqfint_ a number of trat,, tlw w,,ath,,r r,mtmitiee's version of a well-

analytical tools to predict ice build-ups and the instrumented w,.ather aircraft. If you will notice
resulting aircraft performance penalties, as well ar,,mM the tail, there are all types of ante,mac .
as codes to predict the performance of both old to get the FSS informtaion, EFOS informati,m,

and new ice protection systems. We are working ARTAC information, etc. If you will look at the
on improved modeling mad test techniques that go wing on your right hand side, you will see that
along with verifying our analytical codes. In the it is well equipped for frost sensing, liquid water
area of icing instrumentation, we are evaluating content, droplet size measurement, and IF icint;.

-" both old and modern instruments in-flight on our You will notice on the boom there is a wind shear

Twin Otter and comparing them to some mew warning and detection system, tt cross wind com-
surements we have made in our icing tmt__,cl. This portent system, and behind the cockpit, you will
work should lead to improved measurement tech. see a downblast detection device. So, it is well-
niquesand enhanced izL_trumentsthatcan more equippedinterms ofwind shear.Alsonoticeat

accurately measure icing conditions, the front there is a runway visible range sensor for
landing in diflicult visibility situations. It has also

In the area of measuring mad forecasting icing, a lightning strike probability detection and all of
there is still room for improvement. There has the instrumentation to monitor those sensors. So,
been some activity, however, like the MARS sys- it ends up that the pilot is sitting down in the
tern that was evaluated last winter in the Buffalo, corner flying from outside the aircraft. That was
New York, area. There are several mesoscale rood- their version of a well-instrumented airplane.
els that may have the capability to predict icing
conditions. Langley has used one of these mod-

els to predict conditions for a few of our Twin _s _ "-

Otter flighticingencounters.The resultsof this __ ,__comparison so far are encouraging. In the area _ l_._otter sJzr

of design criteria, the FAA has funded some ac- _.._ _L'_rrn_""_ _,____

tivity wlfich we have participated in to look at
characterifing the atmo0phere at altitudes below

10,000 feet, where helicopters operate. You have _.__/_X
heard about some of those results a little earlier _t,,r .._.,_ _ c,-

inthemeeting.Itdidturnout"thatmaximum liq- _ ' _m_m_ "t_uidwatercontontbelow0000feetarecon,id- :"
erablylowerthan the currentFAR 25,Appendix P#{__ _r,_e"

C, requkemcnts. Th_,twork is goingto he ex- _ __ b_
l)tmdedby theFAA inthefuturetootheraltitudes _'_'_ _
and conditions. We' art' looking at more stream- _*_-_"
liue,l ways ¢,f certifying aircraft. This activity will
include both better grotmd simulation eapability

and enhanced prediction tot,Is. Overall, the work- Figure ]4. Nedther Service Co,t, ittee's version
shop here has b,,on quit,, instrmnental and we are of a wel 1-equipped weather-
ch,s,,ly following the recommendations of the pre- instrumented at,.cra_ t
vii)us w,,rkshol,S. Thank y,m.
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E: ! _,_rfor Airline Transport Pilot Certificates sonally, hope that a little bit of their brilliance has _
I_'_ _ Cdl,ital's merger with United in 1961. At rubbed off on me; but I'm sure it has been very :
t_, tim_, Audy returned to flying the llne with little because it is pretty hard for me to absorb
the new l},_ited Airlines sad has been with them things sometimes. I have learned a great deal from
front thai ti_,te to the present. In 19t34,he be- these men, however. Same of the accomplishments .
carat, _wtive in _cident investigation, and his ape- that I believe I may have helped to achieve were
cial nr"as of lute:eat include flight data recorders changes in the FAR_, even though we have nothing
and cockpit voice t_corders. Among other things, specifically to do with meteorology or the environ-
ou hi_ own time, Andy wa_ involved in Scout'.ng, mental inputs to aviation _ystems. That is what is
madhe was a Scout Ma_ter for seven years, during so great about the workshop. Yo,t have the oppor-
wLich Lime, he organized the Air Explorer Post, tunity to deal with people on a basis which would
Which taught young men how to fly. Andy is a not be possible otherwise. I have seen other evi-
member of the International Society of Air Safety deuce of things coming out of the workshop, and
Ir,vesti.gatc,rs, the Aerospace Medical Association, I am pleased to have had the opportunity to be in
tl',_ S,u_iv,_i and Equipment Association, as well attendance here. As Linda said, 288 days from to-
as having been a faithful pta-ticipant of this annual day I am going to retire from United, but I am still
a_r.: _hop for seven years in a row. I would like to going to continue to participate here as long as I
asl" Au,t.y at this time to join me at the podium am welcome and invited. Thank you very much. •
(Fig,_."e 17). I understand that in August I984,
And_ will retire from United. I don't know how DENNIS CAMP
An,_y b.as had t: _ae to fit all of his activities into It was at this 1979 workshop that we had consider-
his bttsy schedule; but, Andy, would you please able discussion about atmospheric electricity and
tell us what accomplishments you feel have been lightning. We see. many recommendations (Fig-
made here at the workshops? ures 18 and 19) relative to atmospheric electricity

and lightning: forecasting, developing lightning
forecasts, basic concern and timeliness of report-
ing, standardization, and quantity of information
required. We might also say quality as well as _
quantity. We need a better data base; more re- t
search into the definition of airborne lightning; :_
theoretical and experimental strike models. There
was a great deal of discussion about the models
needed. Instrumentation was a prime concern at
that workshop, as well as training and simulation
efforts. Design is still a problem with atmospheric
electricity and lightning, especially aircraft cam- 4

_. posites which arenow here and will be more preys- _ ,, ,

Ftgm'e 17. Anr,yYates receives "Perfect lent. More work is needed in this area. The work- _
Attendance" award from shop was not responsible for the F-106 Lightning
I.tnda Hershman Program; but it has been discussed at these wot'k-

shops and has received substantial support from
the user, as well as the research, community. I

ANDY YATY_q would like to invite Norm Crabill from the NASA

The accompl shments at the workshop are so nu- Langley Research Center, who is responsible for
merous that it would be hard for me to tell you the F-106 Program, to tell us about this progr_sm. "
all the ones that I feel, personally, have come out
of here. Ho,/eever,one of the greatest things that NORM CRAB!LL

has happe,_ed to me with regard to my attendance NASA is flying a highly instrumented F-106B air- i
hel "s the fact that I have been able to associate craft, (Figure 20) into thunderstorms to charac-
,:"_ some of the greatest minds in aviation. We terize the lightning hazard to future aircraft with
have people like John Houbolt, Charlie Sprinkle, composite structures and digital controls. We have
Dick Tobiason, Walter Frost, Dennis Camp, Bud been flying every summer, starting in 1980, and

t Layi_or, Joe Stickle, all of these people wl,_ are have accumulated over 400 direct strikes to the

abs,,iutely outstanding it. their fields, along with aircraft, mostly above _5,000 feet. The remaining
many others I don't have time to mention. I, per-
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.......LI*,_t,_.. _,.i_i_ ..ht,,,.. ro._o,. ,.,.._to_r., f..__,Ic task i_ to obtain 50 to I00 strike_ below 25,000 ._
_"_'_ feet. We plan to try that in 1984. _'_
A, Timtllnetll Of rloOftlllO ir_l-tlm vnrlul _l_ll(a ramrth,al. _
_, lt_ndqr¢lllotion of c_i¢otl_ tlernt_loqf}. ,_

,, ._,,,..f i.ro,.,,._ ,...,,.. We use ground-baaed r_lar and lightning !goiters i
_, ,_..i_ili. orinf0n.._ to_,ol _iQtio., to find areas of thunderstorm activity within 150

utu0_, _ ...0_ _0 b......, e,,_ii,_ I. o. e,. trek li...i., miles of Langley. Then we launch. On the way,
$trll_l to olrcroft. In till orlmof O_OoentInvettl.qtim, 0 rKofdlol
,,,,- i. _ topr_d. li,,,ni., .,i- ._i_.. l keep track of the storm development and the ....

litreS: l_e_rch I.Io I,e ,lefl,,lt'._ tt olr_rn* II_mln_ tl_reticul md _rcraft's position and "vector n the aircraft to the
,._,i....l .._ ._i, i, ..._ desired position (Figure 21). The pilot, ruing his

'.._-_ou=, ,. ......_ ._ ai,_o. ,-.era.,... _...,_..._.i..I own obeerwtione, including an airborne radar emdfie|ds for I_ h _ Of II_tnlH ar_lllt_ PrNIcII_ _ II_tnl_
,.I. _,i_. _..iu _, emi_,, ,_.0,_be.,.t a_..-_,.ro,..,u- lightning m._pper, and radar data sent up from the
•-....t._ li_.in, strl. c...._ ..to .. _heai,._.. Is..,_, ground, modifies my plan as he sees fit. Then, he

I_atIIIl_i: Pliotl of oil oirci_tt needo _rdter _rste_llne of the cond|tiOql
_., _ic_ll._.i._ .rim co_=cur_ _fthe..._t. tr_., m_.on goes in, and usually gets struck_
trait aircraft. U_ersshouldbe trolt1_ In the inter_rltotlon of eiettricoi
lleld-a_olurlnq at.vices, llgl]tnlng 0ett.ct_,e, o_ _O_ler ondleOtl_f rmnr.
liars It o he_ for e_oll_ Concerni_ h_e II_htnl_l/_rKlultttlm static The aircraft often gets struck on the nose, with
(P-It0tIc) Ilwlro_llt and its off_t m SYStlel, & discharge emanating usually from the wing tip

t_ltlW_t: FW IIIml0t0ft tiers is o natal to I,t gull to sllulote tlw !lllltnlr_ and vertical fin. Tfthe pilot or crew were to lookfl_sh _ the effects of tr0let to electronic system or to electrical lyltem.

Also, ft_-Out, 0SS0CtOt_.It" ll.,tning hlt, tt_Id IXtSlsulQtt_ In _nim¢- b_k over t1_eir left shoulder (Figure 22), this is

! tic.it, _-ll.i¢ ii_ni_ fi_.,, what they would see. Note the two main chem-
_.._,: _o.i,. no,_,i,_.c,.t_._ to.=t_t ._rn fii_t co..oi_ o.,o.,c nels, their reflections on the wing sod rudder, and _s_stemmitt _e _elm_l since total ovoldonc.eof iI1hmlnl strlkat Or near _

striS_ I, not u rlmlll=IC e_e:t0tion, the streamers from the main chmmels. These two

F_gure 18. Atmospheric electricity and main channels are actually flowing straight back :___
l_ghtntng research areas from the aircraft, mmdare parallel. Their appar- ;;

eat convergence is due to the camera optics, ii

.i

N(|O In-flight date Technology base I_Proved test Analysis ltore lightning Lightning Obtain pilot gettee
on lightning end design ' techniques techniques for, strike Incl* detection reoorts of training In ._
electrical guidelines for for: predlctin 9 dent data fnm systels lightning lightning 'Y
ptTaqters prOteCtion of induced 9eneril strikes tO awareness for

advanced air* • Induced effects eviatloh aircraft pilots of all
o direct craft systm effects air{raft

strikes and structures I blast
e msrby effects

strikes i

e static
electrlclty_

NATUR[ Of Lick of date Lack o_f design R t O R & 0 OPeratlwI R & O' Operational OPerational
PROOL[H dots. R i O end orOcedurel and procedural

TIH[ R(OUIMU ? . 4 _eirs 2 * 6 years 2 years 3 years 1 yelp 2 _llPS ) _lars ....

ll@_lCt OF Uncertain test Increased _ncreased More cut-and* Ncreased Continued Increased ***
PROIL[R and design Safety hillrdl; hatard$; dr_ reliability hillN to strikes

plrlmetlrs decressed use decreased air/ground :'*i
of advanced efficiency persoflnel and
technology oporattons :

= _'

COSt lib|fiT Incretsld flight safe:y, cspoclally under Ifn conditions; qutcker tad more confldont Introduction of ne_ tect_logles. ,

[ff_! gEOUlfl(_ Ne. effort $o_ knowledge Continued Some neu Additional Saee nn In heM; Nee
in hind and effort effort reporting effort educitqon
major h_ effort needed
effort '

required _.

PARTICIPAtiTS el, Jot role: !GOverrr_nt/ _,overnment Goverr_ent r_.neral GdeernlMn_ Ot_re tot1 All i
government _rmmtractorst and Industry and Industry aviation and Industry

Improved deal ,Industry
Supporting bite i |rfra_,
role: mnu fic tvrers i _.
Contrsctort Spot1 fic _

': appl tcatlonl ....iii II

F_gure 19. Needsof the avtatton commun_t_relat|ve to l_ghtn_ng _
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_- , Figure 20. Lightning Research F-106 Aircraft
_ Figure 23, "

p

Figure_l.

Figure 24.
"tb

Figure22.

In eachsuccessiveframe (Figures23 through28)

taken1/14thof a secondapart,the ch_tnnelsget

longerand longeruntilthey _go out". Then in Figure25.
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I/'igqlre 28 you ran see the channel light up again
by a reflash. The 90 d,._ree bend or kink i_ the

, channel is the point that the aircraft flew through
the flash. The flash is not always directly visible.

I Sometimes it appears only as a glow (Figures 29,
30, and 31) in the clouds. Then a visible strike
appears to hit the jet engine exhaust.

Analysis of ground-based radar data taken dur-
! ing the strikes indicates that at least for the high-
i' altitude strikes, the lightning channel originates ati,

i the radar target that is the airplane, and moves
i' away very rapidly. This indicates the airplane
i _triggers" the strike. We wil) attempt to find out if
! this is true for _I direct strikes to airp!anes in sub-

sequent flights in 1984. This program is supported

"* Figure 26. " I:

' i

i:

Figure27. Figure29.

t
I

i

!

' 1
;i Figure28. Figure30. ;
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hems. So, we were beginning to be heard. For the
fourth workshop, we decided to look at measur-
ing, weather for aviation safety in the 1980's. We
looked at imstrumentation and equipment and on-
going research relative to these systems. We also

i looked at identifying future work and programs
necessary to bring the instrumentation and ,'quip-

ment up to the standards required for present and
future aviation safety and operations. At that
workshop, we numbered 77 participants. We had
a very effective and strong working group.

Throughout all workshops, there has been one topic
that has always excited the committees. It has al-
ways generated active and boisterous discussion;

this topic is wind shear (Figure 33). The commit-
tees have always agreed, both prior to 1980 and

Figure 31. thereafter, that wind shear affects the terminal -
area and will continue to be a dominant weather

by NASA, USAF, and the FAA. Thank you. hazard until an effective solution is found. Therehave been discussions and recommendations rela-

tive to the detection of wind shear. At the 1980
DR. FROST meeting, it was felt that the application of ground-
So, we proceed to 1980 (Figure 32) by which time based microwave Doppler radar was a real poui-
the workshop was beginning to gather not only bilit., for measuring wind shear. There was some
a national, but an international, reputation. I doubt as to whether the wind anemometer array
think that it was at this workshop that the Con- system would work; and it was always agreed that,
gressional Oversight and Accident Investigations at best, it was an interihl system. A cry came out
Committee in Washington canceled their meet- of 1980 that we needed to identify procedures af-
ing because all of the experts were here in TuUa- ter detection of wind shear, and we have seen the

evolution of certain techniques for fixing out of
wind shear; but there is still disagreement as to

.... whether to go to stick shaker, minimum drag, or
...*,-- .......... what exact way to fly out of wind shear.wlst_ o_ ..it i_ot ,wdgat

im_t_q_lH_At_t' IStO

.... :" There is also the problem of measuring wind shear
withDopplerradarinthatthequestionisraised ,
as to what signal we look for and how to measure _'
severity. The air tra/_c controllers do not want us
to tell them what the wind gradient is; they want
a numerical value. They would also like to know

....... _ how different aircraft are affected by wind shear
...... so that they can reschedule aircraft when there is a

p_sibility of impending wind shear.
Figure 32. Throughan evolutionary process, i

the themefor the fourthworkshop There is a big problem now for training in wind *,!
became "Measuring Weather for shear. Do you train pilots to fly through killer 4Aviation Sofety in the 1980's"
Thisworkshoptookan in-depthlook wind shearsor do you trainthem to avoidwind
at the statusof instrumentationand shearst allcosts? We don'twant to givethem

eqt,tpment systems currently in use, the impressionthat _hey can flythrough wind
describingon-goingresearchrelative
to improvingthesesystemsand Ide.- shear. There is a need for standardterminol-
tlfylngfuture worksand programs ogy. Again,thereisaircrew training,not only
necessaryto brin.Qthe Instruments- in terms of simulators,but in terms ofwhether

,i tton and equipment up to the standards
requiredfor presentand futureaviation you teachthem theoryor specificallywhat you

:" safetyand operations, teachrealtiveto wind shear. There has always
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:;_eLt_u_0c_softhcLP_rublcm__IndsheareffectsInth_ isJohn McCarthy. John has been pushing the
termlna_ _len continues to be one of the most donllnunt wind shear program for a long time. When FAA
tootcsordiscussion, had concluded that wind shear had been so_ved

with airbornesystems and the low-levelwind shear

pct¢ctlunofk_tiI1d.%c_I_:11_eaPPllcationoforoundbased, alertsystem, John srJd ithad not been solved. 'Pulsedmlcro_ovP_oppler rodnr WhiCh IS located at or

near the tefnliflnl to provld_ detection capabilities of l_y his persevermtce, he put together the JAWS
wind slicer tdon_ upproachoHd de_r*qre Paths is Project. He was the chief scientist with Ted l_u-

stronqly _***_l,,,itcd.Tl_ewlf,d anemo_ter array w.'llch jita and Jim Wilson, and that program, as all ofhasalwav_beenconsideredby the comlttees an
Interim solution at best sh0t,ld be used tO _ts fullest; you know, was extremely successful. It was car-

however, until a better system Is available, evaluating tied out in July 1982. John has participated in
the array system for Its effectiveness ondrecordlnq our workshops many times, and I am happy thatthe dots Is u recommendationvoiced by manycmmittees,

he is with us tonight in order that he may tell you
_ r_J_Aft_r Detection: Nllenwind shear fletectlon systef;ls where we are in JAWS, and what is left to be done.

havebeendevelopedandInstal, ._dat major otr_rts,
monufoctnrersas _ell as tile FAAmustdeterminespecific
octi0nsto be takenafter wingshearhasbeendetected. JOHN McCARTHY

DoteunlInkofDopplerradar-derlvedInfonmtlonon Well,thanks a lot,Walt. Iwon't take much ofyourwindsandwh_dsheardirectly to anaircraft Is feasible.
Develop systems tO automatically detect hazardousweather time because we have been talking about wind
Pllenolnenatllrou.qllsignaturerecognitionalgorltl_sand shear for the last two days, as usual, in the group
throughautomaticdatallnklnnof alert messages to that I'm in. I think the first workshop I attendedPilots andcontrollers. A hun_nfactors studyshould
beconductedto assurethat Pilots andcontrollers are WaS in 1978; I missedthe first one. I have been
notUsingProvidedmoreinformoti0nttmncanDeabsorbed here talkingabout how to deal with thisproblem

In o glve_ ,line. from the onset. Many of you have been involved in

AirTraffic¢_Jntrq£:Researchshouldcontinuetodetermine thediscussionsthatbroughtabouttheneedfor a

the Intensity of wind shear .!IHchan aircraft, cote- definitive experiment, which we call JAWS (Joint
gorlzedastotype,canwithstandIfactuallypenetratin! Airport WeatherStudies).Iwasn't aware of Billa system, Theynotedthat wind shearIntensity should
be reduced to a numerical value. Melvin's first slide, which is really amazing. Ted

Fujita from Chicago, Jim Wilson and myself from
_r._l_g_¢_oJ'._W!nd_S!__u.r_:Teachingof windshearshould NCAR, and many other people were involved in

Include interoretatlon of severeweatherreports and
shouldeducateusersas to the ovallabl,lty of these executing a project that fundamentally addressed
reoorts_IthintheNationalAirspaceSystems(_S). the nature ofwind shear in an appliedsense.Bob

Serafin from NCAR has been very instrumental in

, StandardTerm_ppo_: .nevelopmentofon InternationalCivil it;gd Blick,who was at a much earlierworkshopAviation Organization(ICAO)standardterminologyfor
! describing the effects of wind shear on flight perfor- from the University of Oklahoma; Frank Coons,

monteshouldbe _ursued, who is not here tonight; Jean Lee was involved in 'ii

! _LEgLe.___o_J.nJn_:Alrcre_s' understondlngand training our early discussions at Oklahoma at the Severe _

i relative to meteorologicalconditionswhichmy create Stoma Lab; _md most particularly Walt _'_'ost in _1
o low*levelwindshearhazardshouldbe continuously our long attempt to try to get something going. ,
updated. Eeual e_vhasls should be given to _th the With regard to where we stand today in JAWS,t coldair outflow regionof o thunderstormand the gust

=! front coadltions. ALso,frontal zonesand lo,-level Jet major programs are in progress to improve pilot

= streamconditions Shouldnot be neglected. !t _as and controllerawareness.You saw thefilmwe
recomendedthatcreatingtheimvressionstothePilots produced,whichisjustthebeginningofthatpro-In training programsthat any_lnd shearconbe pene-
trated usingthe correct techaloueshouldbe strongly tess. Other films and papers have come from the

I avoided, program to educate very experienced pilots who
I still say that they can feel a wind shear just by

1 Figure 33. Summary of discussion relative sitting there, and say that they can go through
to wind shear any wind shear we can find. We have tried to

deal with that in a very forthrightprogram. We

be.-,n the claim that we should not get too ear- are still working on flight training procedures, not "

tied away with only microbursts and downdrafts only in techniquesonce you encounter wind shear,
hecause there are other kinds of wind shear, i.e., but in techniques in the simulator.
thunderstorms and gust fronts, frontal wanes and i

low-level jets. So, the discussion goes on; but we We have a very definitive program with NASA,
have come a long way from the beginning as to FAA, and industry, to design much better wind ;"

understanding wind shear. One of the people who shear simulation profile models. We felt all along I_I (

i_ very respomsible for infdrmation coming to light
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that the low-level wind shear alert system (LL- available to all uJera. Rick Decker is here from

WSAS), which was designed primarily as a Trot NOAA who ham had some direct responsibility for
front detector, was an interim solution. Wc are this type of program, so I w,mld like to ask Rick
working intimately with FAA to upgrade and sub- to come forward and make a comment or two on
atantially improve the LLWSAS. Thh will, with this.

improvements, in my opinion, be a long-term im-
portant addition to the whole detection of wind
shear. _".._'"'

1981We have a very definitive program with NASA, ,._-:.2.:::_,,_
FAA, and industry, to design nmch better wind
shear simulation profile models. We felt all along __- /7
that the low-level wind shear alert system (LL-
WSAS), whicL was designed primarily ms a gust
front detector, was an interim solution. We are
working intimately with PAA to upgrade and sub-

stantially improve the LLWSAS. This will, with _ .0.
improvements, in my opinion, be a long.term im-
portant addition to the whole detection of wind

.i shear. F_gure34. The themeof t!,e1981Workshopwas "TheImpactof M.=eorology
_= on FutureAviationEfficiency,

' i Ithinkthebottom lineisthatintheareaofwind Operations,Design,and Safety."i
shear, moat of the recommendations made are now

major initiatives within and on the outside of gay- FuelEcono_v:Better forecastln0of windsolaft is re0ulrea.
ernment. I believe that the applications part of
the wind shear project came from this workshop. _1_: Adenserobservationnet_0rk.lth a dote link
Fujita was sppro_chlng it from basic studies; I was to lnertiul navl.Ootl0nsystem(INs) equivocalaircraft
look_ug at it from aircraft performance; and Wil- Is r._conlr.endedtln_ and time againbVall comtttees,
son, Doppler radar. However, I look to the evolu- Da_ 'b____rcr_af_: Thec0mlttees rec0mendthat '
tion of the kinds of discussions that we continue the data collected byairlines throughAIRIHCshouldbe

modeavailable to all users. Ac0a_n windsand tempera-
today as being fundamental to pulling this pro- tures aloft data bose andImorovedcollection of such
gram off, so I think everyone here now and at all dataeltl_ertlwoughadditionalretortingor by auto-
the previous workshops has been, important, motlcally reourtlng with 0ut0motedsensors onaircraft
It is very exciting to see it evolve. ,re have de- shouldbe studied as to cost benefits. Thec0mlttee

- felt tibet on 0nerotlonol Aircraft/Satellite _to Relay
veloped some very close working relationships, the (ASDAR)or at least that klnOof co_blllty be enc0uraged
closest of which has been with Walt, who has been or evendea.nded. °

very important to me throughout this evolution. -
Many thanks also go to NASA, with Dennis in his Figure35. ASDAR/ACARSrelatedneeds
early support, and Dick Tobiaeon at NASA; FAA

has also been with us very strongly. Thank you RICHARDSON DECKER

very much. Automated aircraft reporting systems on commer-

cial airliners reMly _o_ started as a part of First "iDENNIS CAMP GARP Glob_d Experiment (FGGE). The First GARP
Moving on to 1981 (Figure 34), many things were Global Experiment, or FGGE, was a meteorolog-

discussed at this workshop, including ASDAR (Fig- ical experiment conducted during the years 1979 I
ure 35). About 80 participemts were pre_ent at this and 1980 to gather large q,_antities of data globally
workshop. The discussion on the committees was for use in developing atmospheric vumerical od-
aimed at fuel economy, forecasting that would be eh. The Aircraft to Satellite Data Relay (ASDAR)
of benefit to the airlines, trying to make It a more was one ef the new observing systems employed.
economical Bystem. A lot of data was collected During the experiment, it was shown throtMh the
from airlines which participated in programs with use of ASDAR how the frequency, accuracy, and
the different government agencies, NASA, FAA, ttmeliness of aircraft reports of wind and tempera-
etc. Committees recommended that data collected ture could be greatly enhanced. NASA and NOAA
by the airlines through ARINC should be made jointly funded the development of 17 prototype
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ASDAR units on widebodied aircraft of several in the U. S. The ARINC Commtmication_ Ad-
international carrier_. These prototype ASDAR dressing and Reporting System (ACARS) per se
unit_ demonstrat_ ] to the meteoroIGgieal commu- is designed ptintarily for VHF radio down-linking
nity beyond any doubt a valuable new source of of aircraft operational and performance data into
upper air data. Aeronautical Radio's (ARINC) communications

system. Meteorological observing and reporting
At the 1981, and subsequent workshops, support components "piggy-back" onto the AGARS sys-
was given to the development of an operational tern. In a similar mLvner to ASDAR, the wind
ASDAR system for worldwide deployment. These and temperature is observed once every seven (7)
endorsements wvremost helpful in focusing on the minutes; and when six (6) observations have seen-
need to have ¢Jperational hardware developed and mulated, a report containing them is transmitted
to have the prototype units continue in service af- via VHF radio link to an APING ground station. '

ter the completion of FGGE. Despite the early en- Many U. S. airlines are now equipping their air- i
:_ dorsements, a critical mass could not seem to be craft with AGARS. While only a relatively few

brought together at that time. Several budget ini- have the required meteorological reporting equip-
tiatives were undertaken. The .ftrst year we put ment, their number is steadila increasing. In fact,

! • [
a package together called ASDAR. That did not within two to four years, we believe there may be
work, so the next year we renamed it AARS. Then, as many as 200 AGARS-equipped aircraft that will
later, it became GARS, and then AMDAR. Even be transmitting down meteorological information I
with thes various repackaging shcemes, the carrot over the U. S.. Also like ASDAR, both vertical :
of ful! program funding was always just beyond profile as well as flight level data will be available !
our reach, to improve wind and temperature forecasts.

Finally, in i981 and 1982, international attention From the recommendations offered at this work- _
shop, I can see there is substantial interest in the !w_ focu._ed on ASDAR's operatoltal potential.

Led by the U. S., an international consortium was capabilities offered by automated aircraft report- t
formed in April 1982. The Consortium for AS- ing systems like ASDAR and ACARS. We appre- i
DAR Development (CAD) now has eight mere- elate your endorsements and believe the progress ther states including Australia, Canada, Federal that is being made is in part the result of your .
Republic of Germany, Netherlands, New Zealand, focusing attention on the need for such systems.
Saudi Arabia, the United Kingdom, the United I
States and others. The purpose of the CAD is DR. FROST i
to raise funds for and manage the development of Well, we are almost there--1982 (Figure 36). The
preproduction ASDAR units. In 1982, an RFP theme at this workshop was Satellites and Other
was issued by the CAD under the auspices of the Aviation Weather Facilities. The make-up of the
WorldMeteorological Organisation (WMO). fixed committees indicates the theme and what we "i_ _i

were trying to achieve at the 1982 workshop. We

Last month (on September 13), the Secretary Gen- wanted to see what satellites could do for avis-
eras of the WMC and the Chairman of the GAD tion weather, and very active and viable discus-
signed a contract with GEG McMichacl of Great alone took place. We wanted to know how we
Britain. By late in 1985, McMichael will have built could improve communication facilities, forecast-
e,x (6) preproduction ASDAR units that will be ing facilities, training and simulation facilities, and
e.ertified both here and in Britain. Beginning in how we could improve operations and airport fa-
X986, the first production units will start being cilities. We were now growing. We were up to
dt!ployed on ai_r,Lft of sevel'al international car- 106 participants. From the workshops through-
tiers. We believe that widespread deployment of out the years, a recommendation was continuously
ASDAR-equlpped aircraft ever data-sparse ocean made, and that was there is an urgent require-
and land areas will provide the observations needed ment for weather information at many general avi-
for improved global aviation wind and tempera- ation airports (Figure 37). In 1977, an automatic
ture forecasts, weather observing station was discussed as a possi-

ble long-term solution. In 1979, it was determined
While ASDAR will be particularly helpful on in- that emphasis should be placed on the establish-

i ternational routes, I also want to say a few words ment of weather for observation at general avi-
about another automated aircraft reporting sys- arson airports, particularly where an instrument

I tern that will be beneficial to aviation interests approa,.h erAsts. In 1980, there was a recommen- _,
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dation that a justifiable requirement exists for _n the use.to. We will then build a specification for
ALWOS, which will measure ceiling sad visihil- production. We hope to have this specification
ity since 1,000 airports in the United States have written by the end of 1984, with a production con-
IRF approaches, with little or no weather obser- tract in early 1981_,and the first of a thousand
ration data. To those of you who do not know systems out as early as 1986.
what ALWOS means, it is Automatic Low.cost
Weather Observing Systems; and becauJe there DENNIS CAMP
has '_lwaysbeen a need for these, it has been re- Thank you, Dan. We are nearing the end o! our
peated throul_hout the workshola,. D,m Bellay is presentation; but we would like to hear from the
here to tell us a little bit about the status of AL- man who ha_ been, in many ways, responsible for
WOS. Dan is still on active duty with the Navy; the workshops and what we do in them. He is
but he has been Msigmed to FAA, and he works the man that looks after me and keeps me on the
directly with Neal Blake in terms of the FAA's straight and narrow. He is from NASA Headquar-

" weather program. He will tell you about the sta- ters and is responsible for aviation safety at Head-
tns of the ALWOS, at this time. quarters, and the meteorological programs relative

to aviation. So, I would like to uk this man, Mr.
DAN BELLAY Dick Tobiason, to come and give us a few corn-
Thank you. The status of the AWOS (Automated ments on the future of our workbhopshere and
Weather Observing Systems) is that we now have the way Headquarters views them.
14 demonstration sites in place throughout the
United States. For example, we have them in AI- DICK TOBIASON
abama, Alaslm, etc. We will be continuing this Watching the interaction of the committees here
demonstration program for one year until the end at the workshop is fantastic. There are some who
of Bummer 1984. What we had hoped to learn have done an outstanding job. We, however, need
from this is the good and bad of the systems we to decide what we want to do in the future, and
have in the field, and take recommendations from the idea is to keep a good thing going, as we in-

tend to do. Therefore, we should all be back down
!n__

... _,,_,,_ here next October. The other thing we wanted
...... to do was to see how the government puts its act

'_'_'_'_._"_g_'_,,_." together before it gets to this kind of an organi-

'::'_'_'::_"__982 sation; also, what the other civil users and DOD

.............. _ _ers d the system do. 'Wetried an experiment
here and I wouldn't say thst it wan eztraordinsrily
successful, and that was to try to get the various
sponsors of meteorologic_l work together for a cou-
ple of days and rehearse before we met with you, ' _,

o "*'_'._ the users, in the regular workshop. This is the
"._- _ first time we have put the so-called Government

' ' Retreat back to back with the workshop. I think it
F_gure 36. The theme of the 1982 Workshop had its pluses and minuses. We had some ideas ofwas "Satellites andOtherAvtatton

I_eathev"Fact11ties." things that we wanted to see happen in the work-
shkop and I think all of those have happe .ed; but
next year, I think we will tr7 something a little dif-

/,mre Is on urgent r_ulrenent for weot_r Inf0m0tlon ot tony' _rol ferent. We would like t6 bring into the workshopovlatlon alrDorts_ on cutonutlc mmther oDlervotlon Itotlon Is a Polslble

ion-tern,0xuu_. in the future a little better ides of what we are
Em!m$l_ be viseed on tim estc_llsl_ent of _t_r 00_r_tlons ot ¢t_,er01 doing in major programs and how the workshop
_lutl0natr_orts._rtlculurlv_re onInatrmenta_r_ exi|ts, has influenced the government. You have had a
T_reIso lustlfl_lereaulrmentforon̂ LWO__111¢11_111mosurecellln_ big inllue' ,, on us. Thank you very much.ond visibility, =l.ce soee 1,000 olrPortl In the Ikllted Stotes hove
aoorovedIFR oPOrooc_s but llttte or no _e_t_r ®sirvotton _to,

AutomotlcoO_,rvlno one recortlntl litotlonll need to _ tlm-conrcllnoted and
I_ent|fled. OOtocollected from thele Stotlon| needl to I_ retolnod for
s_ $_I¢led tim tit o retrtev_l_|t macu_lr,

|

Hgure 37. AutomaticLow-CostHeather
0bservet]onSystem(ALNOS)
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TORIGINAL PAGZ 13

OF POOR QUALITY _..
DR, WALTER FROST

I h_vc on_ last slide, and this slide _ay_ that thi_
is the final five (Figure 38). The reason that I say
this is the last five is becalmse we are now seven.

We now have the Depm tment of DeDvse with us _
and th. Office of the Fedeeal _oordinator for Me....
teorology. Thank you very much for attendit_g our ':
program. Good nightl

e
• r:

Figure38. "TheLast Five"before:the Organization
Commltteebecameseven

?
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COMMITTEE SUMMARY REPORTS

COMMITTEE: ICING AND FROST Ji

CIIAIRMAN: DANIEL C. MIKKELSON ,_

MEMBERS:

CHRIS BUSCH

Ig)NI CZEKALSKI

(1,APT, DAN DUMONT

MORTON ¢,{LAS:{

ROBERT IDE

RICHARD JECK

CHARLES MASTERS

DENNIS NEWTON

RALPH PASS

PORTI_R PERKINS

I would like to thank all of the members of my the inability to seperate out the LWC that lies only

committee I appreciate their efforts, and it was above the free_ing level. The basic ability to detect
a very interesting werkskhop. I would like to go LWC, however, is judged to he sufficiently impor-
through about five issues that summarize what we taut to warrant development of the technique.

came up with. St_tlng with the first priority. The MARS passive microwave radiometer/profiler _

ISSUE: Currently there is a nearly complete lack technique appears promisivg for accomplishing the
of meaningful or adequate forecasts, or even now- required LWC and temperature profiling referred
cMts, or icing conditions, particularly for corn- to above in the PROPS profiler discussion.
muter and general aviation. This is due largely to REOOMMENDEDACTION:
infrequent and sparsely distributed sounding data
indicative of icing conditions. To benefit the devel- 1) Evaluate NEXP.AD for ability to provide
opment of improved iting forecasts teelmiques and information on icing condition_, at h._t _
to provide better assessments of existing icing con- in developing "algorithms for recognizing
ditions,developmentalsystems,suchasNEXRAD snow. |

and PROPS profiler should be expanded where 2) Develop the PROPS profiler to include ,
possible to provide data related specifically to is- measurement of LWC and temperature

ing conditions, profiles, especially front near-ground level
to about 20,000 feet.

DISCUSSION: NEXRAD may not be sensitive 3) Continue the MARS field trials with air 1to cloud droplet diameters in the range 5-501tin truth comparisons from overflights. Fund
which contain the LWC responsible for aircraft is- MARS for PY-84 to keep this promising
ing, excluding freesing rain and droplets. In this work alive.
case, NEXRAD can still be useful if it can detect
the occurrence and spatial distribution of snow. PRIORITY: 1
Where there is snow, there is little or no LWO

and, therefore, little or no engine icing, although ISSUE: Reporting Weather Conditions at Un- "
manned Airportsthe snow may have an effect on some engines or

inlet systems. The, it would be wluable for ic- DISCUSSION: Remote weather observation

ing nowcast purposes to have a snow recognition at unmanned airports which would provide infor- -?
algorithm for NEXRAD data analyses, mation to general aviation and commuters in order "
PROPS profiler with the inclusion of a suitable, to increase aviation safety. The weather and. field
passive microwave sounder, appears to have good information needed include:
potential for more direct indications of icing con,
ditions through the detection of LWC and the pro- I) Runway conditions - glazed ice, snow, wet- :
vision of temperature _oundings. There are some hess;
inherent limitations, such as 1) the capability of 2) Surface weather - winds, temperature, etc.;
only indicating the total LWC integrated over the 3) Atmospheric conditions - cloud bases and

vertical extent of the cloud(s); 2) the inability to tops, temperature, profile, and LWC;
sense cloud top or resolve multiple cloud layers; 3} 4) Yimtal view of airfields and surrounding

areas.
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Mctho,h t. _ath,,rlhi_ilif.rnmtiollnrr vnr- PRIORITy: :_

ivd,_u,'ha_ r-tatin_.TV ci,ncr_, AWOS t,_i,-

_'l.,h' m,,r,, fdm,,_ph,.ri," i',,J_,liti,,l,., pilfJt_ rt.- ]88[IE: How to ohtMn better clou'] liquid wat,rcr
p,}rti-z wv.,thcr conditi.li, t. 10SS _ftvr lm_dmg; content data f-r i,,;.g rcporthlg, fr_recantilig L.d
mid dvt,.rilthiitti...f runw;ty ,'_,ll_|iti.lt. with re- wttrning.

m.tv TV with ,li_:it;d siv_ml pr-eessin_" ltnd lml-
t,.rn r,.voLqiit,ion. DL_(:I__.Lq__E_._:There i. a total I_.k of .pcra-

tionM ci.u,i Ihtuid wider c,mt,et0 .r .thee iving

HEt__OMMBNDF_DAoTION:, l*_xld-r_tb,z_ ,,f data tf_ anBist' ia forec_ting mid in prnvi_iltg re-
vide. r_yr_l.vllt,f-r u.t. htt, rlt,,.lttitthit_ tllnw_ty itltd port. _nd weather warlting:,, Very iitth! ltct'llr;tl¢'
mirr.nt,dhtt: e.nditiml., l'_v:du_ttv AW(}S ,'x,..t- data i. trlm.mi_t,.d vcrl,ally h_ th,, f,_rm of ldl-t re-
.b,n Val.dlilil, ivs, h_tw,stig_ttv dvw,l,,plltvltt _f hi- ports.Such data ispresently available., how_,v:r,

strumcntati.n f,,r mv;t.urint _,runw_ty _',mditi.u. (i_'e from air cmriec aircraft equipped with icing rate
mid P.IItIW), prohes mid Al;Al'tS ditto, trau_lllig_lRm enpMdlity.

It could be available front lllmly lllore aircraft if
PRIORITY: 2 an inexpensive eald reliMde liquid water ctinteut

probe were developed, _ud could llt t ,-,ttl,ti,'t;et

ISSIIE: Pilots knowledge of meteorological con- using the forthcoming MODE-S tad,tr b_ ,,':on ay,,
ditions that cause aircraft icing and the nature of tern.
hazard to aircraft is deficient. Need to provide for
better training of pilots so that they have criteria RECOMMI_)NDED ACT[O_,N.:
to judge effects of icing on aircraft performance 1) Develop a pl&., t :t ana .... ,ring

d_ta fr_,:_ . _._rM'tusing exi.t.
DISCUSSION: Icingisa principlecauseofgen- Lugit_ "_,,._tttGorand ACARS aye'tern.

etM aviationaccidents.Over thepast5 I/2 years, 2) Investigatee_pandingairlineACARS trial

therehavebeenan averageof51 accidentsperyear program to includeicingdata.

witha totalof364 fatalities. 3 Get plansm transmiticingdataintothe

MODE-S radar bearo_ _,ys',emin time

Good weathertrainingcoursesarenow available foritsimplementation. ,

from vario':ssources,but thereistittleincentive 4) Developan operationalliquidwatercon-
forpilot_to takethem. There i_no requirement tentprobe.
forpilotsto demonstrateweatherknowledgebe-

yond theinstrumentratingwrittentest(exceptfor RJ_SPONSIBLE AGENC,,.IES;FAA, NOAA, NASA,
thosewho obtainairlinetransportpilotratings). OFCM.

Advanced weathertrainingisnot tax deductible

exceptto vrofessionaipilots.The basicquestion PRIORITY.: 4 ,

is: what can be done to influence pilots to obtain
better weather training and improve their weather ISSUE: Continuance of the A/C icing research
knowledge, particularly of hazardous weather? program

Suggest assembling new attractive training mate- DISCUSSION: The fixed committees endorsed
riai and aids. the present FAA, NASA, DOD Aircraft Icing Re-

search Programs. While they did endorse the cur-

RECOMMENDED ACTICLI_: _ent aircraft icing research programs, they saw
1) Make the weatht, r portion of the iustru- the need for continued and even expanded pro-

ment r_ting written test, and perhaps of grams in basic ice physics research, analytic teeh-
the private pilot written test, a separate niques, simulation techniques, advanced ice pro-
requirement for passing the entire test. tee,ion systems and atmospheric characterization.

2) Create a flight instructor revalidationcourse They also expressed the desire to speed up the
devoted to weather and the teaching of schedules used to make information awfilable to
weather and allow it to be accepted for the user community as st_on as possible. The corn
flight instructor renewal or perhaps an mittee, without exception, e/_ressed the need for

" every-t.ther-time basis, quantifiable measures trod dcw,lopment of mean-ingful measures and developnwnt of me_nLugful

1 RESPONSIBLE AGENCIES: FAA definitions of icing intensity. There was some con-
[ ".
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ecru that the conservation in the standards should tion; develop meaningful definitions of icing inten-
not ho lost. sity.

RECOMMENDED A C_LQ_: Continue work in: RESPONSIBLE AGENCIES: FAA, NASA, DOD.
analysis method_, simulation techniques; advanced
ice protection systems, atmospheric characteriza, PRIORITY: 5

i,

, COMMITTEE: FOG, VISIBILITY, CEILING AND HEAVY PRECIPITATION

CHAIRMAN: GI_NE MACK

MEMBERS:
AL BEDARD

JOE BOCCHIERI
BOB CROWDER

JIM LUERS
CHARLES MASTERS
JOHN PAPPAS

MONT SMITH
STEVE BROWN

First, I would like to thank the members of my transmit and disseminate the data, and the devel-
committee for the conscientious efforts they put opment of a short-range objective forecast model
forth to come up with the conclusions and reeom- are desired.
mendations which you will find in the proceedings.
As you can see, our charge is some basic termi- Computerized, objective forecast systems should
nal weather phenomena. Sometimes we expand be developed to assist the forecaster in the I to
the scope of our thinking a little bit beyond these 6 hour projection. These sytems should have the ,
things to encompass terminal weather in general, following characteristics:
During the course of our delibrations, we identi-
Bed approximately a dozen different topics, and I 1) They should be simple enough to be run

on-station on a mini-computer:don't think we can do justice to all of those areas.

I hesistate to call them issues. Perhaps, they are 2) They should be under the control of, andproblem areas; but I will try to go through and
summari.'.e each of those problem areas for you. interactive with, the local forecaster; ,/_

:q

What we tried to do was prioritize the items ac. 3) They should make use of recent, local
cording to whether or not we felt they could be surface observations as input.addressed, solved or answered in near-term or in

the long-term. We gave them short-term and long- Within the National Weather Service (NWS), sys-
term, as well as high, medium and low, priority, terns satisfying these criteria are presently being

ISSUE: lmprc-rd short-range terminal forecast- developed and should continue to be supported.
The techniques development laboratory of the NWS,

ing to enhance safety and promote more efficient for instance, is developing and testing the General-
(lower cost) flight operations, ized :L_ponential Markov (GEM) statistical model

DISCUSSION: Policies and programs that lead and _hc local AFOS-MOS Program (LAMP).
to a reduction of complete full-scale weather obser-
vations and lack of short-ravge computer forecasts RECO,. [MENDED ACTION: E, courage develop-

ment and implementation of systems/procedures
models to solve the forecast problem are partly that provide more detailed weather observations,•, respot, sible for forecast inaccuracies. An increase

"_ including automated systems. Continue opera-
in the number, frequency and quality of observa- tional testing of GEM; make it more efficient so as
tional data, a reliable communication system to
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to require less of the resources of AFOS computer International coordination of project is e_scntial ....
.-onflgurations, and encourage more man-machine Funding arrangements will vary country to coun-
inte_actior, techniques, try and are yet to be reeolved.

RESPONSIBLE AGENCIES: NWS, FAA RECOMMENDED ACTION: In view of mutual
benefits, aviation and meteorological communities

PRIOR_ITY: Short-range; high priority should cooperate to promete ASDAR/ACARS Me-
teorological Data Projects and to investigate tech-

ISSUE: Nationwide implementation of voice re- nical aspects and the processing and distribution
spouse system (VRS) weather briefing informs- of the data.
rich.

RESPONSIBLE AGENCIES: ';OAA (NWS), FAA,
DISCUSSION: VRS Test Systems have been in IATA, WMO, ICAO
operation since the mid-to-late 1970's. Use of the
system by pilots nationwide is limited by the high PRIORITY: Short-range; high priority
cost of long-distance telephone charges. The "900_
number calls are billed at the flat rate of $ .50 per ISSUE: Dissemination of RVR information (2 is-
call. It is recommended that the telephone number sues).
to be promoted nationally be (900) wea-ther.

DISCUSSION: _'

: RECOMMENDED ACTION: Establish a nation-
, wide "900" telephone number, perhaps (900) wea- 1) NWS reports runway RVR for the Primar7

ther, for VRS access. A "900_ telephone num- runway,but frequently RVR for the Active
ber would offer a minimal fixed cost for access to runway is not reported to the pilot.

VRS information sad would provide revenue for 2) Real-tlme RVR information could be el-
the PAA to cover operational costs, fectively used by the pilot, particularly

RESPONSIBLE AGENCIES: FAA at more remote sites. |

PRIORITY: Short-rauge; high priority RECOMMENDED ACTION: ,

1) NWS modify reporting procedv_es to in-
ISSUI_: To enable meteorologists and sircrew to dude active runway conditions.
take full advantage of the potential value of mete-

orological data becoming available from new auto- 2) Frovide for RVR data up-link (to pilot). ,.
mated systems based on aircraft (ASDAR, ACARS). !

RESPONSIBLE AGENCIES:
DISCUSSIOn]: Profile data obtained on ascent •

and descent would improve terminal forecasts and 1) NWS, FAA _"q
warnings- thunderstorms, wind shear, turbulence, 1
sad low cloud and fog. Accurate low-level wind 2) FAA

and temperature data a" frequent height sad time 1
intervals would improve short-range forecasting for PRIORITY:
low cloud and fog (thickness, time of onset, dissi-
pation, etc.). Other parameters, such as humidity 1) Short-range; high priority
sad liquid water content, would be valuable.

2) Long-range; medium priority

Profile data could _ be valuable for the crew ISSUE: The total of, and/or i_ulilcient amounts
of aircraft approaching the terminal if provided in of, weather observations at sparsely populated r_..ro :concise form in su$cient time for crew to access

eas and unmanned airports make it diqicult to
impact and make operational decisions, provide accurate, current and forecast weather re-

ASDAR/ACAR3 data obtained from cruise level ports for these areas, ii:!

are valuable for flight planning sad for meteoro. I
logical analysis and research. DISCUSSION: In orderto prepare adequate weather ,

forecasts and current weather reports, sut_cient F
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weather data must be available. Such data do not A) The momentum tr_fer _f water droplets
,. exist in those areu of sparse production or us. to t_. aircraft;

manned airports. A need to provide this necessary
data is identified for all aspects of aviation agen- B) The roughness of the water film that may _.'_

" cies, and, in particular, general aviation, where produce 30°_ lift lo_ sad severe drag in-

most flights are made under VFR ant _ the aircraft Lrease; _are not capable of adverse we '.her avoidance.

C) Interference of the water film flowing off :_
Better weather reports and forecasts would be pos- the leading edge slat with air flowing _
sible with these additional data and would create through the slat, poscibly causing prema-

i a greater confidence in these reports and forecasts ture airflow separation. "_
_ by the aviation community, with an expected in- ,:

crease in flight safety. A better theoretical and experimental understand- ';.
, ing of these phenomena are essential to aviation

In some areas, it might be sufBcient to know only safety. Research is needed to resolve this issue.
that weather conditions are IFR or VFR; while at

others, more specific information regarding ceiling RECOMMENDED ACT]{0N: Conduct some lira- '_i"
and visibility might be needed. Estimated costs ited basic and applied rr';arch, both theoretical

"i for these systems would be a fraction of the cost and experimental, concemmg aerodynamics effects
I of the AWOS systems, of rain on aircrdt.

_i It is a priority to develop specification for lower RESPONSIBLE AGENCIES: NSF, NASA _;capability and lower cost-automated systems than

AWOS. The consensus is that where data are not PRIORITY: High priority; long-range
presently available, any new data would certainly ,_,
be beneficial. Replacement of present reporting ISSUE: If rain causes a significant effect on the
methods is not the purpose of this recommends, alignment of the angle of attack sensor, this innu-
tion. ence could prevent aetiwstiou of the stick shaker

when approaching stall. In addition, some wind
RECOMMENDEDACTION: To develop and im- shear monitor systems require the use of ADA '
plement remotely operated weather data collec- m:asurement data which, if in error, could give

tion and reporting systems at various levels of so- the pilot bad guidance. ,_
phistication and cost dictated by the kin& of data
needed. The levels of reporting can range from ba- DISCUSSION: At the typical landing speed of a
sic weather reporting stations to more advanced commercial aircraft, the angle of approaching rain
systems such as used in AWOS. is approximately 80 above that of the air. If the a

vane aligns itself even partially in the direction of _i,.
RESPONSIBLE AGENCIES: FKA the rain, then the a vane will give indication that

the aircraft is at a lower angle of attack than it ac-
PRIORITY: Short-range; high prlority tually is. Since this measurement is used to warn

of stall and regulate command bars on wind shear
X_..U._: Aerodynamic ,_enalties have been men- monitor instrumentation, auy significant error in
sured on an unslatted 3-D airfoil when exposed to measurement could result in a catastrophic event. ,
an intense water spray. Theoretical calculations

and accident studies suggest that heavy rain may RECOMMENDED ACTION: Test angle of at- i

produce aerodynamic lift and drag penaUties on tack vanes for accuracy in P,wind/rain tunnel of •
a commercial aircraft with extended high-lift de- natural environment under severe rain con_tions.
vices in a take-off or landing phase of operation. ,i

_.ESPONSIBLE AGENCIES: FAA, NASA ,,
__CJ_qIQ._: The effect of heavy rain on air-
craft aerodynamics for both general aviation and PRIORITY: High priority; immediate action
commercial aircraft is largely unknown. Possible
detrimental effects due to rain may result from ISSU_.EE:Flight recorder data provides a means of

assessing rain effects on commercial aircraft per-
formance.
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D_q_C.e._Is_LLQ_:Flight recorder data for aircraft ISSUE: A better understanding is needed of the
equipped with five channel recorders are of some spatial, temporal and intensity distribution of heavy
value in deducing aerodynamic performance pe- rain in the natural environment.
nalities due to heavy rain or even morevalue, is for
data fron_,newer aircraft equipped with recorders DISCUSSXON: Our present state of knowledge is
documenting many mere channels of information, limited concerning the distribution of heavy rain
Using these recorders, it is possible to distinguish in convective weather systems. A basic under-
wind shear performance degradation from heavy standing is needed concerning the dynamics of rain
rain performance degradation. Several instances as an energy source for mieroburst activity. Ex-
are known to have occurred in the past few years perimental data may also be inadequate to es-
in which an aircraft, while executing a missed ap- tablish the relationship between the structure of I
proach in a very high rain shower, was lacking in mierobursts and location and intensity of a rain
expected performance. Analysis of the FDR data shaft. !

could be of immeasurable value, (particularly, if 1
it were from a newer PDR-equipped aircraft) in RECOMMENDED ACTION:
assessing aerodynamic effects of rain in the cited
and future situatio_q, o Support b,_sicstudies concerning the dy-

namic interaction of rain and microburs'_s. " t

]_BCOMMENDED ACTION: NASA, FAA, ALPA
and ICAO should recommend to all carriers that o Support studies and field tests to sarah-
any tale.of or landing events in heavy rain in which lish the spatial, temporal, and intensity
pilot experienced performance deficiencies to pull distribution of heavy rain in the natural
the FDR data and male it available to agencies in- environment.
terested in performing an analysis. Establish lead
agency as clearing-home for data. RESPONSIBLE AGENCIES: NSP, NASA, NOAA,

PAA, NCAR

RESPONSIBLE AGENCIES: NASA, PAA, ICAO, PRIORITY: High prio,, f; long-rangeALPA.

ISSUE: Information transfer: High much data
PRIORITY: High priority; immediate action to pilot? Who will male decisions if pilots doesn't '

have time for data interpretation?
ISSUE: In several accidents, the onboard weather

radar may have been providing an inaccurate de- _: Aosuming data is available on
piction of an approaching thunderstorm condition approach for concentrated, time varying, weather .:
because of a water film on the radome or near field hazards (e.g., Rain shafts or microbursts), could
rain attenuation on the radar signal, the pilot handle the additional work load of in- ,

terpreting an incoming stream of d_ta? The an- _
DISC_: In the analyses of the air Wiscon- swer was that the work load was great and impor-
sin and Southern Accidents, serious questions have tant information should be flagged, somehow; but
arisen concerning the authenticity of the radar pie- the d_eision process about what action should be
ture in the severe rain environment. Attenuation taken should De with the pilot.
of the radar signal may have occurred either on the

radome, or in the near field, preventing the pilot The time scale (< I rain.) and space scales (<4KM)
from observ!ng the severe weather cells ahead of involved with such systems can be so small that
him in sufficient time to avoid the real hazard, the data acquisition, processing, and transfer must

be essentially instantaneous to be effective.
RECOMMEN.DED ACTXON: Continue _fudy of
attenuation in the r_ome near field due to pre- RECOMMENDED ACTION: That metho& be
eipitation or other causes, developed for direct display of data to the pilot

in a form that will provide clear h_,.ard warnings
RESPONSIBLE AGENCIES: NASA Langley Re. with little impact on work load.search Center

RESPONSIBLE AGENCIES: FAA
PRIORITY: Medium Priority; Long-range

PRIORITy: Long-range; high priority
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" ISSUE: Enhanced AWOS: AWOS is better than done by using detection of melting band; change
!_ no observations; but as currently designed, it does of polarisation; attenuation from reflectors; detec.

, not supply sufficient information to supplant manned- tion of scattered returns - 1ruingdifferent pattm in
_ observation station, for some operators, the terminal area.

I _: Some _Part-121 _ operators will RECOMMENDED ACTION: Encourage devel-
not operate into an airport with only an AWOS opment and testing of a prototype system for char-

i as currently configured. Replacing present human seterisation of precipitation.
observations with _ AWOS will force such oper-
ators to cease operations or arrange for supple- RESPONSIBLE AGENCIES: Long-range; medium
mental observations. The missing critical obser- priority
ration elements are free,ing rain, snow, and thtm.
derstorms, which can preclude using an airfield. ISSUE: Fog dispersai
Automatic sensors for distinguishing rain, snow,
ice pellets, freezing rain/drizsle and their inten- DIS___CUSSION:Fog dispersal is a generally de-
sity see needed, as well as thunderstorm detection sired capability, operational dispersal of super-cooled
and/or location, fog is accomplished routinely; but no known warm

fog dispersal operations (except for Orly at Paris)
RECOMMENDED ACTION: AWOS installation are being conducted. NASA is conducting very
should concentrate on locations with no observa- limited experiments with a water-spray technique.
tions at present. Sensor development for the crit- I
Seal elements should proceed and be installed in Severs] concepts (thermal dissipation and hygro-
AWOS systems when availalbe, seopic salt seeding developed and tested in the

early 1070's) demonstrated that warm fog diaper-
RESPONSIBLE AGENCIES: FAA, NWS, NASA sal is feasible. However, both concepts have safety-

related problems and both are relatively expensive
PRIORITY: Long-range, medium priority to implement. It is currently belif fed that warm

fog dispersal, using known methods, is not envi-
ISSUE: Can remote sensing techniques provide ronmentally acceptable or cost effective.
for characterisation of precipitation?

!-' RECOMMENDED ACTION: Resesr_'.hinto op-
DISCUSSION: Can remote sensing technology timizing a warm fog dispersal technique for oper-
provide an integrated sensing system for detecting ational _vplieations should be encouraged.
and distinguishing hail, snow, ice, fog, rain rate,
and the distribution of these parametez'u in the RESPON._C_ENCIES: NASA, FAA, DOD,
terminal areas? It may be possible to apply an in- Comm,r. _alAirlines

coherent radar operated in a wriet-! of sequential , _,modes to obtain this information. This could be PRIG/_TY: Long-range; low priority

COMMITTEE: WINDS AND TURBULENCE

_ CHAIRMAN: BUD LAYNOR _I

MEMBI_.RS:

WARREN CAMPBELL
FERNANDO CARACENA
JACK EHERNBERGER
JIM EVANS
BERNARD ETKIN
JOHN KELLER

JOHN McCARTHY' JOHN McKINLEY

t BILL MELVIN
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I would like to start out by thanking UTSI sad - Strong emphasis of critically mucce_ful
NASA for inviting NTSB to participate in this warning product for controller and pilots

workshop, ss well as for their sponsoring of this (accurate and low false alarms).
workshop. It is refreshing to see a group of people

i' get together to talk about implementing actions RECOMMENDED _: Support the devel-
we feel have been needed for an awful long time. opment of terminal doppler radar as a vital sin-
It is also nice to participate in that activity. I gular solution, with the caution that this devel-

i don't think the NTSB has been down here every opment must be broad, in-depth, and address re-

i year like Bill Melvin, Jim Luers, and Andy Yates; mslning issues thoroughly. We caution that this
but we have been represented at most of them. development is similar to NEXRAD development,
We use the proceedings from these workshops as but somewhat smaller in scope; it requires mating
a textbook of what is happening in the meteoro- of meteorological issues and radar hardware and

logical world. We also use it to find out what is software issues. 1
, happening in the change of acronyms from year to
1 year, as well as a telephone reference. I would also RESPONSIBLE AGENCIES: PAA I

llke to thank my committee and the members of
the other committees with which we interacted. I ISSUE: NEXRAD doppler radars in relationship

_-! thought we had some stimulating and interesting to aviation needs. _ "

discussions. I will try, at this point, to go over
i what they were. D,_: The NEXRAD doppler radar pro-

gram will place approximately 160 S-Band doppler i_

J We established at the outset the objectives of the radars as a national network, to be fully imple-
_i committee to have a good information exchange mented by 1992. Aviation winds and turbulence
: _ and to examine the present knowledge and prac- husrds, including severe windstorms and torna-

tices to define the needs, the future goals of the does, low-altitude wind shear, as well as mean
aviation industry, and ultimately hope to reduce winds in the boundary layer sensed in the opti-
the influence of winds and turbulence as hazards tally clear sir, and hi/_her in precipitation. We

to safe flight. In our committee, we confined the recognize the system to be primarily in support of
scope to upper-level winds and turbulence, clear en route avistien weather objectives.

air turbulence, mountain wave, terminal area wind RECOMMENDED ,_ CTION: Strongly support "
shear, the microburst and talked a little about the
vortex turbulence problem. We certainly recog- the full deployment of I_v,XRAD as a full doppler

system, as soon as possible, with the conviction
nized the heavy rain issue, but ]id not spend much that major advancements L_.aviation safety will
time talking about it. result.

ISSUE: Development of a terminal doppler radar

to protect major terminals, primarily from low- RESPONSIBLE AGENCIES: NWS_ _'AA, DOD. ,/,.

altitude wind shear, as well as other wind and _ipercipitation hazards. ISSUI: Pilot trsixzing regm'ding the latest JAWS-
related, low-altitude wind shear.

_Lq__: FAA sad Lincoln Laboratory are DISCUSSION: There was continued recognitionbeginning to develop an intensive program to de-
ploy a NEXRAD derivative doppler radar for ter- of the lack of industry-wide adequate training of
minal protection. Initial emphasis is utilization the nature, neec_ for complete avoidance, and tech-

niques for possible successful penetration of wind ,i

of S-BAND radar, appropriate algorithms, and a shear, when necessary. Most airlines appear to !i
w_ning product. Remaining iuues are: be addressing training well now, but the general :

Suppression of severe ground clutter; aviation sector is significantly behind the learning

- Adequate detection of doppler signals in curve. Finally, creative training must be contin- i
weak echo situations; ued on a long-term basis, long after the normal

- Best siting criteria to support strategy of post-accident (P_n Am) decay of awareness.

detection for aviation needs; RECOMMENDED ACTION: We recommend that

- In-depth development of algorithms; creative awareness-increasing and training tech-
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niqueq be ezplored to maintain a high degree of of NASA Marshall Space Flight Center. Its for- . ,g

training in the aviation commmfity, in all pilot nec- mulation is general enough so that it c_uld use :_
tore. mesoecale data, such as from the merit program,

whenever it becomes available. Regardless of whether _,_
RESPONSIBLE AGENCIES: FAA, NASA, NOAA, such a data bases becomes available, the successful
INDUSTRY, MILITARY, UNIVERSITY/TRAIN- development of a synoptic-ecaie, quantitative fore- '_
ING SECTOR. east technique would help airlines and airline me-

teorologieai service companies concentrate their _
ISSUE: Mountain wave activity is responsible for attention on the areas of highest risk.
the majority of strong sharp unexpected CAT en- .!
counters and distortion of wind field at all alti- RECOMMENDED ACTION:
tudes. However, mountain wave know-how and
awareness is relatively less than adequate at both I) Research on the appropriate scale in time
professional and technical levels, and space associated with the dynamics

of high altitude turbulence.
_]/_: Due to come airlines avoiding waves 2) Workshop on CAT to form a coherent
relatively completely, controllers are not kept in- and unified front in future efforts is rec-
formed of wave effects on CAT, low-level updrafts ommended within six months. "

and downdrafts, strong surface winds and shear. 8) More comprebeusive PIREP archivingfor i_:

Ourcapability forunderstanding wave activity over future validation/calibration of techniques.

mountains and blocking lines of clouds has been ]_PONSIBLE AGENCIES: NASA, NOAA.
vastly improved in :he last three years. This ca-
pability applies to pressure altitude disturbances
and shears, transients and turbulence above the ISSUE: Transferof Meterological Information byData Link. i
jet as well as near the tropopause, rotor zone and

boundary layer. D_cG.UJ_I_: Question of standardization of

RECOMMENDED ACTION: Support field ob- data format for ease of obtaining information.

servations and scientific studies to exploit the present RECOMMENDED ACTION: Some industry group _ ,know-how, should undertake a study to standardize data trans-

RESPONSIBLE AGENCIES: NASA, NOAA, DOD, fer. Suggest high priority given to using standards

NSF. already in use, such as ASC H Code.

PRIORITY: CRITICAL RESPONSIBLE AGENCIES: FAA, Contract to
ARINC, Etc.

ISSUE: Improve_.high altitude turbulence mon- _: High, due to possibility of prolifer- _ '
• _ itoring and forecasting, ation of non-standardised formate.

__q_._: MONITORING: Airborne sen- ISSUE: Airborne winds/ACARS and profiler oh-
sore have been developed to give short-term indi- servations for improved wind and turbulence fore- _,
carious of high altitude turbulence. However, cur-
rent operational methods used by airlines involve casting and meteorological watch updating.
monitoring PIREPS and performing mesoseale anal- DISCUSSION:
yses using radiosonde soundings. This approach _
may become less practical in the long run due to A) En route winds and MERIT program con- *
its labor intensiveness. New data gethering eye- cept are very much needed. ,
terns, such as profilers and on-board data systems, B) Profiler potential and operational config-
may provide for adequate mesoscale resolution as uration/use not mature enough presently '_
a supplement/alternative, to recommend operational installation in

a full network.
F_QI_t.Q__T_: The current NWS SIC WT0 C) Both need study on the most effective
is generally considered to have room for improve- observation deusity and development of
ment. A quantitative synoptic-scale system us- new m,mericai models to assimulate and

; tug NMG Grid point data is being developed out apply their data.
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RECOMMENDED ACTJ_Q_: Encourage'contin. _ENDED ACTIOj'_: Discover tt,e ef-
ued development a_d testing of prototype systr ms fects of uaifTing/merging TRACONS on tower/radar
including evaluation in real applications. Wind controller communications.
tcctmology improvement _houl4 be coupled with
CAT forecasting. SUMMARIZED DISCUSSION:

RESPONSIBIdE AGENCIES: NOAA, NASA (Re- 1) Measurement and communication of air-
search, Development and Implementation) NSF, borne wind shear, temperature data, etc.,
DOD (FeMibility Evaluation and Review) may be improved by use of microproces-

son to select the most meaningful and/or
PRIORITY: significant samples for recording and trans-

minion.
A) En route winds and merit: present prior- _) It appears that the use of remote detec-

ity for development and implementation, tion devices for warninp and/or ago"vs.
B) Profiler: present priority for prototype "no-go" decisions should be considered

experiments, in combination with other sources of in-
formation (e.s., forecasts, PIREPS, crew

ISSUE: Transfer of digital data observations) as well ,u, %tand alone" nse.
Such combined use should expand the1_: DOWNLINK: What are PAA
wdue of remote detection information.

plans for weather downlink via MODE-S; speciil- 3) There appears to be an absence of di-
tally, the parameters indicated air speed, heading retted responsibility to maintain previ-
and temperature, which, combined with ground ons special aviation weather data set...and
track, produce vector winds. What is the antici- their attending expertise, e.g., en route
pared state of ACARS when MODE-S comes on turbulence, wind shear, etc. (We were
line? lucky in icing). Perhaps, we need the fo-
UPLINK: It is unclear what the "terminal weather_ cus of the "joint institutes _ on aviaries

information system (analogousto CWP) will be weather.
for merging sources such as terminal WX radar;
ASR9 WX channel; LLWSAS; PIREPS for trans-
mission to pilots via MODF,-S. Can ACARS be
used as a near- or lens-term digital link for these
d_ta?

COMMITTEE: AIRBORNE DATA ' _.

CHAIRMAN: JOE STICKLE

MEMBERS:
RICK DECKER
NICK HAAS
GEOFF MOLLOY
WEN PAINTER
PETE SUPER
DAVE WINER
RODNEY WINGROVE
JOHN YOUNG

Like the previous five speakers, I would like to be- tween all the troupa, and especially in our own. I
, gin t7 giving the accolades for all I have to say. appreciate their support. Our committee had the

._hst is one way to avoid blaming myself, but it subject of airborne data. The emphasis wu on
is also a fact that there were lively di,cuuionJ be- the use of real-time data and p_t-fiight data. I
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might say that we did not constrain ourselves to l_9__: Development of liquid water content (LWC)
staying precisely within the topic area. We had a instrument for use in operational service.
lot of discussion about other topics; but relative

, to the use of airhorn._data, we found there wan a l__U_qa_J_:
multiplicity of usefuhac_s for airborne data, such 1. LWC is needed for improved forecasting and

' as winds, temperatures in the real-time sense, the for teal-time warning of icing conditions.
need for liquid water content indicators, and other 2. Information would be useful to all classes of
things for which you may use airborne data. As aircraft, but general aviation and commuters
other people have pointed out, we also found that would benefit most.
in the maze of things, there doesn't seem to be 3. LWC sensor suitable for routine operations
a mechanism by which we can get that informs- with little cost and low maintenance is not
tion down from the airplane, through some kind _off the shelf_ available.
of gronnd-based system and back up to pilots or
to oP'er users of the aircraft data. So, we de- 4. Aircraft with current down-link capability are
tided to make a recommendation that somewhere ACARS/ASDAR- equipped transplants which

require icing information the least.
within tiffs grand and glorious country of ours, we

ought to have a meteorological data base. That ",rECOMMENDEDACTION: Develop LWC in-
data base ought to be accessible and updated on a strument suitable for use in routine airline oper-

4 continuous basis. This is where the use of airborne ations. Encourage or pay for ACARS-equipped t

data comes into it. We also need to establish what aircraft to supply LWCdata to NWS. ithe role of the government is going to be to a data

hue system like this, either in the management or RESPONSIBLE AGENCIES: NASA, NWS, OFCM,
oversight of this system. FAA

PRIORITY: HIGH
ISSUE: Meteorology data base - accessibility, up-

:lating, and role of government. ISSUE: The inadequate number of upper air ob-
servations severely limits the forecast accuracy of

D.L_g.I,h_qJ.QN: wind, temperature and other meteorological pa- ,
1. Technology exits for all components of a gen- rameters. Through the use of data acquisition sys-

eral purpose, continually updated, meteoroi- terns onboard commercial passenger aircraft, this

ogy data base syst.-m: deficiency can be significantly reduced, j
A) Sensors (Air and (]round) ,J
B) Data Links DISCUSSION: Through the use of downlinks ai- "i

C) Computer Data Bases ready in existence or soon to be implemented (AS- :,
D) Data Management Software DAR, ACARS, MODE-S), there is great potential '_.

for increasing the number of high quality aircraft
F) Multiple Display Options. observations of wind, temperature and, possibly

_. Users would include forecasters, airline op- later, liquid water content, turbulence and relative
erators, general aviation and military, pilots humidity. These data will be crucial to improving
(real-time), researchers and non-avit_tion, wind and temperature forecasts, especially with

3. Data base must be accessible, implementation of new high resolution numerical
4. Common format for input of data must be models in the next two years. The data can also be

established, used as the bask of a high quality data base which
could be accessed by the aviation community.

RECOMMENDED ACTION: Government should

take a lead role in establishing access to a meteoro- RECOMMENDED ACTION: Urge the airline
logical data base with contincus updating through community and corporate aircraft operators to equip
data link equipped A/C. appropriate aircraft with automated reporting sys-

tems (ASDAR, ACAR,q, MODE-S) on both do-
RESP,QNS|BL,_ AGE_(_IES: NWS, FAA, DOD, mestic and international routes.
OFCM 'i

RESPONSIBLE AGENC_S: Airlines, NWS, FAA,
PRIORITY: HIGH ARINC

.... % 2 __ = --_- 7 _ - ............... -...... _ .......... __
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_: HIGH _z_:
1. NASA has maintained a continuing effort in

LS_5..U_:What data _houid be uplinked to the pilot CAT detection since the middle 1960's.
to increase _afety? 2. During 1982, an infrared radiometer was car-

ded aboard the B-67 during JAWS project.
DISCUSSION: Termit,ai area weather conditions Results for microhurst detection were eneour-
should be available on a more timely bazis to th,' aging.
aircrew. Special alerts, such as the low-level wind 3. Plans for 1984 included modification to per-

l shear alert, runway condition, visibility (landing mit vertical scmming and more tests of CAT
RVR), should be awilable to the pilot iu the cock- detection. Funds/priority not sufficient at

_t pit on a near re,l-time basis, present level.

_' Ea route winds are very important to the 4. CAT continues to be a significant problem inairline operations. Improvements in detection
, long-haul operators and up-to-date weather fore- and forecasting accuracy are needed.

cast_ from a common data base are required. Icing 5. Should NASA continue infrared evaluation;
conditions, sugumented by PIREPS, and CAT re- change direction; or stop a_d wait for new
ports should also be represented in the cockpit idea(s)?

RECOMMENDED ACTIOn[: Establish data up- RECOMMENDED ACTION: NASA, PAA, DOD
_i link requlremen_.s _enaitive to pilot needs, sad others should assess state-of-the-art and make
El recommendation regarding continuance or termi-

RESPONSIBLE ,AGENCIES: NWS, PAA, NASA nation.

- _ PR]_ORITY: Requirements - ASAP, implements- RESPONSIBLE AGI_]_C][ES: NASA, PAP., DOD,
,, tion with MODE-S NOAA, OFCM (NASA or OPCM LEAD)i

i ISSUE: h flight data recorder information useful ISSUE: What data should be downlinked from
for meteorological and safety consideration? the airplane to establish a meteorological data hue?

D.k_J,_e_J.0._: Plight data recorder information, ]2]_J.Q_: The win& and turbulence corn- '
especially following a significant meteorologically- mittee proposed downlinking wind information in
related incident, would be u_eful for determina- the terminal area along with heading, airspeed and
tion of atmospheric events preceeding and follow- temperature if available. If the aircraft has an on-
ing the incident. Examples of such incidents could board wind shear alert system, downlink wamlnge
be wind shear occurrences, lightning strikes, icing, and PIREPS to the ground could assist operations

- clear air turbulence, heavy rain, and others, in the terminal area.
i.._

Reporting these events and documenting with Winds aloft along with temperature would as-
data from the flight data recorder, especially the sist inputting meteorological information into the
advanced digital _ystems, would augment the data NASP data base. AIRREPS would be useful over
base to assist understanding of these meteorolog- water. 't3xrbulence information en route would be

ical events, very important information for broadcast to assist
meteorological forecasts.

RECOMMENDED ACTION: FAA should notify

air carriers that meteorological events that affect Water content and temperature would assist
aircraft performance be reported sad flight data icing forecasts, if data could be obtained on a re-
recorder data obtained, liable basis.

ItESPONSIBLE AGENCIES: NASA, FAA There does not appear to be a reliable method
to detect lightning in the atmosphere. PIREPS,

_: E_tablish near-term information as for the near-term, seem to be the best information
soon as possible, that can be t_ownlinked. Automated reporting of

strikes should be pursued and incidents recorded
k__Jl: Continued funding for CAT detection re- for analysis.
search.
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RECOMMENDED ACTIOn{: Establish data for- RECOMMENDED ACTION: Establish eollec- "_

mat for downlink transmission, reflecting current tion method within NWS for timely recording ofq

"" meteorological needs. Survey available sensors on PIREPS and dissemination to forecasting agen-
t complete fleet of air carriers, ties.
t,

RESPONSIBLE AGENCIES: ARINC, NWS RI_SPONSIBLE AGENG|FJ_: NWS
J

,; P_RI_O_: F_tablish requirement as soon am PRIORITY: UNKNOWN

possible.
kqgd2]l: Use of Mode-8 to tra_fer weather data.

l_._.IJ_: Are PIREPS useful in the meteorological
_ system? _kq_Q._:

' 1. Modc-S provides the only data link available
_]__C_: PIREPS, in all discussions with to a large segment/number of aircraft.

( the respective groups, were determined to be very 2. Uses of Mode-S are not yet defined.
valuable if incorporated properly within the re-

porting system. This information is very time- RECOMMENDED ACTION: Conduct studies of

sensitive and automated reporting would ramjetdie- beneficial ways to utilize Mode-S to improve me-
,; semination. Quantifying reports on turbulence teorologieal service and weather-related aviation

; (CAT) appeared to be the best method for improv- safety.

._ ing forecasting of such events. Cloud information _

_ through PIREPS would also assist forecasting of RESPONSIBLE AGENCI[I_S: FAA, NASA
i fog and visibility in the vicinity of airports.

COMMITTEE: IMPLEMENTATION OF NEW DATA

CHAIRMAN: C. L. CHANDLER

MEMBERS: I
JACK BLISS

EDWARD CARLSTEAD
JERRY HOLMBERG

PAUL KADLEC

VERNON KELLER ITED MALLORY
GLEN SHAFFER
JIM SULLIVAN

t

I_,LI_: B) That improvedwind forecastsshouldbe

A) Missingdataon AWOS usedinthenew ATC systemforspacing

B) Winds inthe new ATC system of aircraft.Also,thatminimum flying
time shouldbe utilizedbetween various

DISCUSSION: This committee feels: cities which exceed 400nm.
A) That not enough information is available

on the Awes that would justify repine- RECOMMENDED ACTION:
ing an existing observer. Data showing A) We recommend installation of Awes at
the type and intensity of precipitation, airports that do not have reporting sys-
such as freezing rain, freezing drizzle, snow, terns. It should not be used as a re- t
etc., is required. Also remarks that in- placement for existing observers, rather :
chtde thunder, cloud types, distant data it should be used only as a supplemental i

aid. "
(such as ridges obscured, clearing west,
etc.)arenecessary. B) That FAA (ATC) integratewinds and

minimum time routes in air traffic see- ,_
113 "
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vices. Aho, train ATC controllers in ad- RECOMMENDED AC.:_I_Q3_: Ftlrther research
vantaRe of minimum tim,, routes as to be done on lightning effects. FAA/NWS make ar-
jwlmration of aircraft and saving_ in time r,,ngements to consolidate and distri|mte lightni_2g
and fuel. Reduce tn a minimum ATC reports in near real-time over FAA weather data

preferred routes, circuits.

RESPONSIBLE AGEN(JIES. FAA, NWS __: NASA, NW8, FAA

_: pRIORIT't_: Medium

A) Medium l_5_.U_g: Icing forecast improvements
B) High

_: D_q-_: Icing intensity should be better
defined for aircraft types, More pilot reports are _

A) RVR values of active runway necessary to improve forecasts. The present for-
B) Heavy rain mat appears to inhibit input at times and should

be improved and made simpler. Costs incurred
I_: We feel strongly that: ' (

A) RVR reports in the remarks section of by commercial aviation of inputting data into the
the weather sequence report should show system should be addressed. _

values on the active runway and not only RECOMMENDED ACTIQ_: Improved icing fore- :
on the primary instrumented runway, casts should become operational as soon as possi. _

B) Heavy rain effects on aircraft performance hie. 11
requires more and intensified research to

obtain detailed results. RESPONSIBLE _,GE_NCIES: NWS, FAA i

RIgCOMMENDED ACTION: PRIORITY: High
A) Implementation as soon as possible.

B) Continued research ISSUE: Observation and forecasting of wind shear I

RESPONSIBLE AGENCIES DISCUSSION: There is a need for airborne wi,ld ° _,

A) PAA, NWS shear instrumentation, The instrmnentation must

B) NASA meet basic requirements. It should:
1. Be capable of providing the sa_est degree

PRIORITY: A & B - High of handling a wind shear in case of inad.
vertant encounter, and proven capable of

ISSUE: safe penetration of wind shear on an ap- "i,

A) Lightning field reporting and lightning preach which will be unsuccessful with- -.out its use.
forecasting.

B) Lightning effects on composite aircraft 2. Provide the pilot with a continuous quan-
titative value of the significant hazard

and micro-electronics, ahead, so that the pilot can have qualita-

DISCUSSION: tire judgement as to whether to continue

A) Consolidation of reports of lightning by or abandon the approach.
various agencies into one nationwide real- 3. Provide the safest perf_lmance after the

decision to abandon the approach has beentime report available to interested par-
ties. made.

B) This committee expressed concern on el- 4. Assure the best meaw of arrival over the
recta of li_;htning on eomposit,e materials threshold with the proptr speed which

the pilot's runway charts are based upon,in aircraft and how can damage be pre-

vented to micro.processors or other else- and give him quantitative information if
tronic equipment on new generation air- the _pecd is unacceptable.
craft.
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ft. Recommend continual ipecial emphasis RECOMMENDF.A) ACTIQ_: Dew!op standard
on wind sl ear-related training and e:I,l- pr-cedures approved by _irlines aJ_d FAA to uti-
cation to include: A)the different types lize existing grolmd speed information r_lrrently
of wind shear . what to expert, what to availahle on INS-equipped airrraft t_J avoid wind
watch for, and what to d_; B) update the sheax d_ring takeoff and appraach. Urge devel,p-
training information as results hPcome meat ,f airl_orne wind shear instruxnentation f-r
available from re,a'areh orother sources; all aircraft.
C) the use of ground speed during ap-
proach; .rod D) the reaction of the flight RESPONSIBLE AGEI_L_Jl_: FAA, NASA, KI'A
director system to different types of wind
shear. _: Very High

COMMITTEE: REMOTE DF,TECTION

CHAIRMAN: BOB SERAFIN

MEMBERS:
DON CORNWALL
TONY DURHAM
BRUCE GARY
KEN GLOVER
GREG SALOTTOLO
C. 3. TIDWELL
KEN WILK

To mrsintaiu some continuity, I think I would like niques, estimate moist_e flux into clouds and pre-
to echo what .roe Stickle just said regarding this cipitation out. NEXRAD office now has no algo- r _

data base, although I would not like to restrict rlthms for icing, but icing forecasting is a NEXRAD
that data base to be just national, but interns- objective. ,
tional, in scope. It seems to me that we have the _ ,I
commlmications capability. Everyone has a desk- The freesing level in stratiform precipitation
top computer these days, and the technology is can be easily measurod with radar.
here. We ought to think about a global data base.
With all meteorological data being available to vir- RECOMMENDED A@TION: Look at existing
tually all users, not just the aviation industry, but data sets - cyclonic extratropical storms project
the public and private sector as well, I am happy (cycles), cooperative conve,'tive preciFitation ex-
that .los brought that up. It is a shame we were periment (OCOPE), etc. Determine reflectivity
not able to interact with them during this meeting, and liquid water cont¢at relationships. Determine
but we certainly echo that recommendation. NEXRAD capabilities. Do research now on de-
ISSUE: To what extent can radar (NEXRAD) veloping techniques for icing prediction. Consider
assist in ici_ forccast_? shorter wavelength radar, if necessary. Develop

algorithms for NEXRAD, if possible.
DISCUSSION_: Super-cooled cloud measurements
with radar are difficult. Drops 50 microns in di- __CIES: FAA
ametcr arc much _maller than radar wavelengths.

PRIORITY. 1 - FOR ICING.
NEXRAD i_ very sensitive. Doppler radar can,
thro,lgh velocity AZMUTH display (VAD) tech-

ISSU..._._EE:The potential for passive remote sensing.
%
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D].8__[I_I{._I_: Microwave atmospheric remote _ombined scanning IR Radiometer and COa
_ensor {MARS) is a duM wavelength racliomet_r LIDAR can 1., u_ed to eat:imate R_iehaxdalm Lure-
for measurement .f clm.l ba_e tentper_tures, cloud her,
b_,' h,.ight and vertical distribution of liquid wa-
t,-r, The syst*'m i_ useful f_r meuurement_ of inte- Pulsed micr¢_w_ve doppler m_y do I,.,w-altitude
grated lirpti,! wat,.r a.'{! is n.t srnsitiv,, to ice. Its wind shear but ground clutter is a _,,eri{msprtd,_l¢,nl,
pr.hlem is that it prov;.l:',_ litth, inf.rmation on
w.rtiral structure Jmd, ther,.for,, icing conditions C-band is probatfly the beat wavdengtb for
j_s a fm.'ti.u of alti'ud,, c_um.t lJ' predicted, storm avoidance,

R _{ !{_LM__MI'[N._DE.L)AL_.'. Continue re_carch X- .r K-bas_&J _re bem.r for 10w-altitude wind
she;_r,

.n tl,is t,'rlmique, Include this statt,ment in any
aircraft, radar -r sounding exlwrinwnts aimed at

,.onq)aratiw, system evaluations. R_CQ__._Q_: Th_s is a w'ry im-portant devehpn_ent not ready for operations, II_c

RE$PONSlBLE AGENCIES: NOAA, FAA, NASA the NOAA P-3 radar for further tenting and evalu-
ation. Build a tahiti.wavelength, forward-looking

PRIORITY: 2 radar with state-of..the-s_:t proet,asor and test u_-
ins ground-based sys_em_,

,l_.l_tE: TerminM doppler radar design
RESPONSIBLE._ENCIES: NASA, FAA, AIR-

DISCUSSIOI_: The major unanswered questionf. LINES, NOAA, N,_F
relate to ground clutter, siting, and automation
because nticrobursts are small, short-lived, low P_IORITY: 2

altitude, and sometimes weakly scattering. Opti-
mum wavelength is an unanswered question. We L_._: Effectiveness of profilers; wind; tempera-
considered wavelength_ from coherent LIDAR through ture and humidity.
10era radar. This is a System Problem, not just a

DISCUSSION: Mixed opinionsexist on this sub-
sen_or problem, ject. Wind_ are measured well. Temperatuxe_ ,

RECOMMENDED ACTION: FAA assess fully and humidiW have poor vertical resolution. Gen-
eral agreement exie.ts that hybrid system t_ing

the capabilities of competing technologies and ex-
amination of JAWS data analysis. Proceed with profilers, satellite av.d possibly some conventional

all due dispatch to develop and deploy an effective RAOBS with ACARS and other _reraft-equ_pped
sen_ors is likely to prove fruitful. Upper-level wind ,]

system, variability (time and space) isof smaller scale than

RESPONSIBLE AGENCIES: FAA now predicted or available in existing data. Winds ' i,,qover water are very impo_'tant (WINDSAT).

PRIORITY: 1
RECO.MMENDED ACTION: Conduct numeri-

SS___._: What are the roles of airborne doppler cal studies to determine improvements on forecast-
techniques? ins that will result l_rom profiler deploymeut. Try

to quantify. How good i_ better'? What doet_ it
DISCUSSION: Microwave doppler potential has cost? What does it ._avc?

not been fully exploited, but microwave doppler is
not going to detect clear air turbulence (CAT). RESPONSIBLE_ENCI.E__S: NOAA, in general.

FAA should examine depl,:_yment and cost effec-
Continuous wave doppler LIDAR can give ,hort- tiveness for winds aud CAT detection along well -

range advance notice of shear and turbulence. (4 traveled routes.
second warning - pseudo quantitative). Pulsed

doppler LIDAR will work for CAT and low-altitude PRIORITY: 1
wind shear, but it may not be practical for aircraft
use, ISSUE: Measureatent of intense locali_,ed and

transient rain in tcrmin._l _re_.

"' llfi
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DISCUSSION: Combined terminal doppler and RESPONSIBLE AGENCIES: NASA
20 GHz absorption measurements should be able
to moasure heavy rains _d locate them. Impor- _: I
ts_ce of heavy rain or influence on aircr_t perfor-
mance is not clear or well established. If update 1_: The role of NEXRAD in the aviation sys-

ratea of one per minute or higher are necessa_', tern for wind shear, turbulence, sad short-rsag,,
convention_ radar will not be fully satisfactory, forecasting.

A 20 GHz atsmrption system at airPorts with DISCVS_ION: NEXRAD will be effective in the
automatic weather observation systems (AWOS) summertime boundary, layer sad in precipitation
may be useful, sad ice clouds. Effectiveness in super-cooled or

warm eiou_ needs further study. There are now
RECOMMENDED _CTION: In designing ter- 61 algorithms planned, but they do not address

minal doppler radar, do not ignore heavy rain ob- all of the potential applications or objectives of ,_

s_rvations. NEXRAD. The user community knows little abou_ _its interface with NEXRAD or the products, do "*!.
RE=PONSIELE AGENCIES: FAA not be alarmed7 It is premature to begin train-

i ing now. NEXRAD is aware of this sad plans

i _: 2 '_o hold symposiums and training programs as the

i program proceeds. _t_, ISSUE: Protecting aircraft from lightning strikes.

qRECOMMENDED ACTION: Examine the full

i_- _L_,_: Lightning strike incidents do not potential of NEXRAD for all aviation needs. Pro-
always occur where natural lightning hu maxi- teed with NEXRAD- full speed sheadll NEXRAD
mum frequency. Some cues are documented well is the most importsat new system for aviation
outside of _onvective precipitation sad in strati- safety. It will represent a quantum step upward _
form clouds, in capability over existing NWS radars. "_

Aircrdt seem to trigger the lightning. Good RESPONSIBLE AGENCIES: FAA, NWS, AIR
E-field observations with penetrating aircraft and FORCE I
radar observations have not been made.

PRIORITY: 1 - #1 over all others. _
RECOMMENDED ACTION: Design a research

program that measures frequency of hits as a hmc-
tion of relative location to convective cells sad cor-

relate with grou_,_ strikes, sad radar reflec_ivity
contours.

COMMITTEE: UNMANNED AIRFIELDS _

CHAIRMAN: JOANN PAINTER -'_

_EMBERS: ,

LEO BOYD !
! BILL DAY ,

BOB FRITTS

DAVE VERCELLI ,_
FRANK WENCEL

ii, My committee looked at problems sad concerns of operstaion. They may operate from 6:00 a.m.
that we have at unmanned airports, sad these or S:00 a.m. until 8:00 p.m. or I0:00 p.m. We
are areas in remote sites or airports that are un- do have IFR traffic going into these ares_. We are
manned after hours. There are certain periods concerned with generai aviation, business sad cor-

: when the air traffic control only has certain hours porate aircraft and airlines for ms]dug _ights into
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these areas. One major concern that we all agreed electricity and lightning events occuring at/in vicin-
with was communication. We are concerned with ity of _mmnamed airfields.
getting information to the pilots of weather condi-
tions in these remote areas. Briefly, we found that DISCUSSION:
we had a lot to talk about in these various ecru- 1. Research being done on composite air-

mittee interactions. We thought, at first, perhaps craft components.
since we were talking about remote areas, knowing 2. Lightning detection via AWOS.

that the money is usually spent in areas of high 3. BLM/DOD lightning reporting systems.
concentration where you have more traffic, we still 4. R & D in ground operations during light-
want to let people know that we do have problems sing conditions.
in these areas. We w_ gratified to see that many
of the committees did take our suggestions and RECOMMENDED ACTION:
made recommendations concerning some of these 1. Incorporate lightning detection error into
areas of concern. AWOS package.

2. Include valuable AWOS-gener_ted remarks

Ido want to express our appreciation to Walt Frost (e.g., lightning NW)
and Dennis Ce_np for the efforts that they have
put forth in providing this workshop. It is an ex- RESPON_IELE AGENCIES: FAA

! cellent opportunity for all of us to get together

[ and interface to express our concerns and to work ISSUE: Detection of icing conditions at unreturned

together to try to meet some of the requirements airfields
that we all have. I especially want to thank my
committee. They were a great bunch o! people, _:

' very well qualified, and without them, I could not 1. Braking action problems under various
have done it. Thank you. icing conditions.

-i 2. Awareness of icing problem of:

ISSUE: Ongoing need for current weather report- - Observation
ing at unmanned airports with approved instru- - Communicating
ment approaches. - Reporting

- At unmanned airfields.

DISCUSSION: 3. Inconsistencies in terminologies of defia- '
1. EPAS with associated communications ing and describing icing conditions.

problems. 4. Use of NWS co-op =_'_ortlng system as an
. 2. AWOS - Planned future distributicn, added resource in identifying icing eondi-

3. VRS - voiced response service, tions. '_

4. Standardization - consistent quality. 5. Need to enhance pilot education regard- _!i
5. IFR flight without local weather reports ing icing conditions and the hazards of ,.

and criteria required by FAR Part 91. ice (both on grotmd and in-flight). _ "_'4

6. Economic impact of general aviatit,a on 6. Need for improved short-term icing fore-
local industrial development, casts.

RECQMMENDED ACTIQN: Expand present RECOMMENDED ACTION:

AWOS plan to include all unmanned airports with 1. Enhance distribution of icing research data

instrumented approaches. Consider an altetaative through contintting education programs ",,
federally funded reporting device that ¢ouid op- for operational pilots.

tionally be offered for purchase by users. Supple- 2. Develop more precise forecasting meth-
ment with 800 code nat;,onal voice response ser- ods with eperial emphasis on in-flight ic-
vice. If unfeasible, substitute 900 code telephone ing conditions in remote areas and sur-

service with revenue passed on to FAA. face/low altitude icing conditions at ter-

RESPONSIBLE AGENCIES: FAA, NWS minais.

ISSUE: Notification to pilots ofhasaradous ground RESPONSIBLE AGENCI.ES: FAA, NWS, NASA
and/or flight operations resulting from atmospheric

1 ,
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ISSUE: Providing win& and turbulence data for D.I_:
unmanned airflelde. 1. Difficulties in implementing state-of-the- :T

art technology attributed to weakness in
D_: pilot/controller knowledge.

1. EFOS System _ . PIREP problems were discussed as ad-
2. Hazardons low-level win& dressed by the FAA/NWS through the
3. Wind socks sad UNICON advison national airspace plan.4. Visual aide such as black sad white checker-

3. En route weather advisory service (EWAS);
boaz.h system tested in past. its strengths sad weaknesses as a vehi-

5. Local conditions conductive to generat- ele for PIREPS, forecast, en route, seve_'e
ing wind hazards for unmanned opera- weather, .te.
tions. 4. The FAA ATC controller's responeibili-

RECOMMENDED ACTION: ties and priorities as regarding the dis-
tribution of weather information.

1. Establish lighted wind seeks at all public- 5. Current PAP, pilot examinationnse airports.
2. Develop sad standardise visual side for 6. Need for controller awareness ofpilot wen-

weather information at munar "dairfields, ther data requirements.

e.g., tetrah_ronee, socks, etc. RECOMMENDED ACTION:
3. gdueate the general avit,tlonpilots in wind 1. Reqmre the applicant to pass a specific

and turbulenee hasards beyond the cur- section of meteorology as part of the pri-
rent emphasis on wake vortices, rate, commercial and instrument exami-

RESPONSIBLE ACENCIES: FAA, NWS nation.
2. Ongoing meteorological instruction for con-

trollers with special emphasis on localISSUE: Improve the standards of pilot and con-
phenomena as applied to air operations

troller meteorological knowledge, at unmanned airfields.

RESPONSIBLE AGENCIES: FAA, NWS

n

COMMITTEE: I_NGINEERING ANALYSES

CHAIRMAN: RICHARD L. SCHOENMAN

MEMBERS:
ROLAND BOWLES
HO-PEN CHANG "/_ _,
KIM ELMORE "
TOM GENZ
JOHN HOUBOLT
K. H. HUANG
JOHN KLEHR
JOHN PRODAN
BEN TOLLISON
BOB SKONEZNY

It appears that the crowd is thinning out a bit, set of terminology and acronyms, sad it took me
but there are a few of you hearty souls still here. almost a clay to figure out what all the different
I would like to thank Dr. Frost for inviting me wording was that you were actually using. I will
to come clown and participate in this session. I say, again, that I feel this was a very interesting
think, maybe, I have been a listener more than _ and educational exercise for me. I thought maybe
Chairman because I found that you folk speak a I was alone, but Bernie Etkin and I were sitting
different language than I do. We have our own here together discussing this same subject, sad he
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told me that he wu really lost about the first day C) Enhanced cockpit access to weather in-
when all of that terminology was being used. formation:

-Wind shear alert and warning;
I would like to spend just a minute and tell you -Winds, turbulence and icing parameters;
a little bit about the make-up of our committee, -Weather contour maps (CDWI);
becanee I think it is important with regard to the -Mode-S environment.
subject matter we we_ asked to cover. In our par- D) kpand availability and use of alreraft-
tieular group of I0 people, we had three pilots. We derived data, e.g., ACARS, ete.
had a commercial airline pilot from Northwest, an B) Exploit opportunities afforded through re-
FAA pilot, a commercial test pilot, a gentleman mote sensing;
from the simulator manufacturing area, a simula- -Ice forecast;
tion expert from NASA, and myself, from the air- Is liquid water content needed?
craft manufacturer's community. I am primarily
involved in the fright controls area and not really There was a general agreement that more accu-
very knowledgeable about weather situations, ex- rate and reliable forecast implies better sensing.
cept from my own private experience u a pilot. Increased number and utilisation of rotor-craft for
We had a couple of fellows from private research: missions of varying complexity are expected to
one from the university research area; we even had pose special requirements on NASP.
a student from UTSI. What we found ourselves do-
ing really relates more to the evaluation or idon- RECOMMENDED ACTION: Continue analysis,
tifieation of problems we say as a group. As you refinement and implementation of the NASP, in-
can probably recognise, most of the people on this eluding broad aviation community input to estab-
committee were probably the users of information lish utility of particular weather products, services
in one form or another, rather than the generators and parameters based on need, cost and technical
of that information. We found ourselves trying to achievability.
address the problems of engineering analysis, but,
generally, slipping on towards the identification of _ESPONSIELE AGENCIES: FAA, NWS and
problems that we saw as a part of the user commu- other government agencies are required.
nity. A user of information in our area, of course,
is regarding our interest in &D and 4-D naviga- PRIORITY: 1

_-_ion, which is going to be a part of the National ISSUE: Continuation of JAWS and other wind
Airspace Program msit develops; and the weather thear-related data analysis is necessary. Transfer
information, particularly, the prediction of winds of current information to the aviation community,
aloft, are very important with regard to operating both military and cemmercisl.
of these big transports in a fuel-efBeient manner.

_: Generally recognised that there
• , ii

ISSUE: Better temporal and spacially resolved is still a need to gather data to characterise low- _.,_
weather information is required fGrforecasts, oh- altitude wind shear, especially the microburst phe- _
servations and information updates consistent with nomenon. In addition, a careful analysis of exist- [
broad-based support of the operational aspects of ing data is required consisting of simulation rood- '
NASP. Timely and reliable weather data acqulsi- eling by industry and NASA. These models are
tion and dissemination to all elements of the sys- necessary for flight crew training purposes sad to

establish standards for developing systems which
tern is the key. require FAA certification.

_: A number of issues/requirements
were identified during a diverse and lively discus- RECOMMENDED ACTION: FundNASA to an-
sion. Chief among these are: alyse existing JAWS data sad develop appropriate

A) More accurate and timely forecast and simulator models for use in real-time simulatiu,_.
update of winds aloft. Distribute data in-hsad to industry for purpose_

B) Improvedutilisation of PIRI_.PS/AREPS of incorporation into flight crew training simula-
w regards icing, tore.

q
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RESPONSIBLE AGENCIES: NASA, FA able or even work on the next generation of air- . ,_

craft and some method other than visual inspec- ,_

PRIORITY: 2 tion may be needed to determine if ice/snow is
accumulating on the ground. -_

ISSUE: What are the effects of heavy rain on the
flying quaiitles of the aircraft in addition to wind Some concerns are that icing certification efforts
shear? What are the effects on enghle thrust in by both the large and smail aircraft manufacturers
h_avy rain? Are angle of attack sensor accuracies are limited by their ability to perform any theoret-
affected by heavy precipitation? ieal analysis. Another concern is that we not aban-

don ,_ couseevstive philosophy on aircraft icing in
DISCUSSIO_,_: There is work yet to be done in the pursuit of more efficient operations. Finally,
understanding the effects that heavy precipitation the trn_fer of new technology from the research
has upon the flying ahility of aircraft in heavy efforts of NASA and others must be encouraged to
rain. It may have been a factor, along with wind aid in the development of more efl_eien! .-dreraft.
shear, in Pan Am- New Orleans 727 crash. Lead-

ing edge high lift devices may be adversely affected __U_l]_d_[_[: _'he current efforts
by heavy rain as well as the effect of increasing of FAA and NASA in the research and develop-
drag. The question of how engine thrust is affected ment areas must continue with coordination to

by rain was raised. Another problem may be that eliminate duplication, fully funded to assure com- _
angle of attack vanes are affected by heavy rain. pletion, and completed as rapidly as possible. The _
This would mean that the pilots would not know planning effort by the OtRce of the Federal Coor- _
how close to stall the airplane actually is. This, dinator of Meteorology (OFCM) should be corn-
combined with the possible adverse effect on lead- pleted to give an overall view of the total govern- _

ing edge high lift devices, could mean real trouble ment effort in the icing area.
for penetration of heavy rain areas.

RESPONSIBLE AGENCIES: FAA, NASA: De-
RECOMMENDED ACTION: More study is needed fined R & D needs OFCM: Government Plan NSF
on the overall effect of heavy rain on airplane per-

formance. Since the angle of attach indicator is PRIORITY: 4 _

necessary for stall warning devices, and stalls close '_
to the ground are extremely dangerous, a wind ISSUE: Helicopter operations in some segments _
tunnel study should be done, and could be done of aviation are vital. Inevitably, operations in ic-
well enough since angle of attack vanes can eu- ing conditions limit the utility of the helicopter.
ily be placed in wind tunnels. Since two crashed, Therefore, a process for helicopter icing certifica-

Allegeny-Philadelphi_ and the ;]ordanian flight, look tion is needed, i_'
like they may have followed stalls, the effect on an-
gle of attack accuracy should be studied first. It DISCUSSIQN: Special applications of helicopter
seems, also, to be the most feasible, operations dictate the use of helicopters in all types _

of weather, which include icing. The military's

RESPONSIBLE AGENC!ESA: NSF, NASA,ALPA, need to operate anywhere/anytime, as well as emer-
NCAR. gency missions out to offshore oil platforms, are

just two examples of these applications.

PRIORITY: 3 A variety of applications, such as boots and electro-

ISSUE: Icing (grotmd and flight) continues to be thermal methods, are being examined. Remote
a problem in aviation. A review and validation sensing applications also need to be examined.

of icing conditions is needed as the industry pro- RECOMMENDED ACTION: Complete the nec-
greases into areas of new technology, essary work and establish the criteria for helicopter

icing certification.
_Lq_C_: The use of new materials and con- _

strnction techniques may impact how we deal with RI_SpONStB_E AGENCIES: NASA, FAA, In- [
the icing problem. In-flight icing as well as ground dustry: Research and Development FAA: Rule-
snow and ice accumulations continue to pzesent making to codify the process.
hasards to aviation. Current technology, such as

high capacity bleed air systems, may not be avail- PRIORITY: 5
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ISSUE: From a flight operations mud training RECOMMENDED ACTION: Continue to oh-
point of view, how far away from a thuuderstcrm serve the AWOS and other automated systems
must an airerdt be to be free of the threat of light- that arebeing used on a trial basis to ascertain its
nlng strikes? cost-effectiveness; but, more importantly, to see if

more reliable weather information is, in fact, oh-
DISCUSSION: Lightning strikes are more corn- tained.
mon than previously believed; and it was stated

, that there is evidence that the aircraft, itself, may RES]pONSIBLE AGENCIES: FAA (Neal Blake)
trigger the discharge. Many cases of lightning oc-
¢urrence in stratiform clouds were discussed. Most PRIORITY: 7
occurred near the freezing level or in stratiform
clouds between thunderstorms. Operations] elite- ISSUE: Need exists for continued research at
ria for thunderstorm avoidance were discussed. 5 NASA Langley research center, using the F-106B
miles upwind side, 1 mile on the downwind side, aircraft with special h_stnunentation, to determine
stay out of the overhang, etc. It was stated that the characteristics of the lightning hazard, espe-
a pilot will not be able to avoid all lightning by cislly in the low-altitude regime.

just avoiding thunderstorms. In very turbulent re- DISCUSSION: Although a large number of strikes "
gions, however, the chart_'<iparticles are not able have been meazured, most have been at high alti-
to separate, and little lightning occurs, tudes (above 20,000 feet) and are, therefore, of the

cloud-to-cloud type, which are probably triggered
RESPONSIBLE AOTION: Flight operations re-

--i view the criteria for thunderstorm avoidance; train- by the aircraft, itself. Tests are necessary at lower
ing for llghtu_g strikes be included in flight simu- altitudes to meazure cloud-to-ground dkchsa_es.
lstors to provide the strongbllnding, disorienting, While 2 x I0 :t ampe/sec current rates are used
and startling effect, as an industry criteria. Rates of thk ma_p_tude

have already been measured on the F-106 Iead-

RESPON_IIBLE AGENCIES: ATA, ALPA. ing to the conclusion that the _.-iteria may not be
high enough. Ground analysk of the data _ath-

PRIORITY: 6 ered needs to be generalised from the F-106 to to-
day's sircrah design and construction, i.e., cousld-

J_LU._: Frequency of weather observation should eration of composite materials strength de_ds-
be increased with low-cost instrumentation with tion, micro-electronics susceptabiliW to lightning- I

the objective of improved short-term forecasting, induced pulses through shielded and/or unshielded -i
wire, and effect upon fiber optics performance.

_: More reliable weather forecasts '_
could result in reduced requirements for weather- RECOMMEND,_D ACTION: The NASA research

related reserve fuel. There k still, however, an should be continued relative to both a ¢onclusiou • _,
interest in cost-e_ective fog dispersal, of the _ight-phaze and the _und.phaze analyses.

Early and strong consideration should be given to
With some limitations, AWOS seems to be a way the use d the F-106 as a flying laboratory with re-
to obtain more frequent and reliable data for ira- spect to experiments in both composite materiak
proved forecaztin4_. To retain sccuracy, ceiling and micro.electronics carried in, or as a part of,
In" '_t is held to 5000 feet with ± 10% error. For external stores.
forecasting purposes, ceiling heights to I0,000 -
20,000 feet are needed. RESPONSIBLE AGENCIES: NASA, DOD (USAF)

Some concerns relative to AWOS are down t-;me PRIORITY: S
and mslntenance, i.e., when should the glass be
cleaned and how? A more basic concern is the ab- _]J._: With the advtnt of new meteorologi-
sence of observers' remarks as to verbal descrip- ca] and environmental in =,rmationabout lightning
tion of couditions around the ob_errstion site and and the extended use of cmuposites and micro-
the nature of the trends. These would be noted electronics, the existing certification proccedures
at a manned station. This could be helped, in and criteria need reviewing for adequacy and ap-
part, with video trausmis_ion; however, TV may plicabflity.
be more expensive than ret_uing a manned sta-
tlon.
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DISCUSSION: A8 a directresultof the F-106 RECOMMENDED ACTION: A more range-reliable I

stormhazardsprogram,more informationisknown airbornelightningdetectionsystemshouldbe de-
|

aboutlightning_ ditseffectupon aircraft-atle,_t, velopedforthunderstormavnidanceataltitude.

the F-106 technology. However, new material (e.g., ;5

composites) and new systems (e.g., all-electric sir- RESPONSIBLE AGENCIES: NASA, FAA, NOAA !
craft and fly-by-wire) appear to be in the future
for aircraft design and construction. The impact PRIORITY: 10
of these new approaches must be integrated with
the certification process to validate these proceed- ISSUE: Lightning, as an operational hazard, does

not generally exist apart from other hazards suchings or to determine new ones. The present ap-
proach to meeting the certification requirements as heavy rain, hail, turbulence, strong vertical and/or
appears to be the over-design technique-which is horizontal currents, etc. Yet, it is often studied as
costly in weight, material, time and money, if it were.

RECOM_BNDED AcTIO_N: D.Lq_Cc._L_O_: Many researchers have concen-
trated on the study of atmospheric electricity and/orI) Continue the present _AA review of the

currently.used practices, lightning to the exclusion of other meteorologi.
2) Accelerate the use of the F-106 as a flying csi hazards. For a convective system, many of

laboratory for lightning effect on the per- these phenomena are present and there is quite
formance of composite and ily-by-wire sys- probably an interaction among them. A wealth of
terns, data exists on aircraft penetrations of hurricanes

and thunderstorms that should provide an initial

pRIORITy: 9 source of information to be used in the analysis of
the convective system hazards.

ISSUE: Detection of lightning from the ground
and at flight altitudes is required to establish avoid- _A_r_d_I_: Accelerate the pro-
ance procedures, grams underway in the meteorological research com-

muuity to correlate the severe weather phenomena

DISCUSSION: A brief discussion of the various which have been observed and studies in the past

types of lightning detection systems revealed that research program, e.g., TRIP (thunderstorm re-
the ground-based systems performed well but the search international program); SESAME (Severe
airbornesystemhad difficultyindeterminingthe EnvironmentalStorm and MesoscaleExperiment);

true range to the lightning activity. At unmanned Rough Rider, NHRE (National Hail Resetach Ex-
airport stations, it was felt that a lightning detec- periment), F-106 storm hazexds, etc.
tion system be included in the automatic weather

observing stations (AWOS). Satellite-based detec- RESPONSIBLE AGENCIES: NSF, NSSL, NOAA,
tion systems are now being tested and validated. NCAR
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COMMITTEE: METEOROLOGICAL SUPPORT
WITHIN THE NASP

CHAIRMAN: JAMES DZIUK

MEMBERS:
ED FERGUSON
SEPP FROESCHL
KELLY KLEIN
COLIN NOBLE
GENE WILKINS
ANDY YATES

Represent_ the Meteorological Support Within in many cases, stopped reporting. Also, some air-
the NASP Committee, I would first like to thank lines have kept their weather reports to them_Ives
all the committee members for their support in in the conus. The AIREP distribution problem
interactions which we have had, as well as the rest in many parts of the world also has a significant
of the staff here and wonderful people from NASA impact on the wind and temperature data base.
that sponsored this with us. Greater automation on the distribution and pro-

cessing of AIREP data would be of considerable
_: There is a need for more PIREPs and benefit.
AIRL_Pmto provide information on: icing condl-
tions, turbulence; winds aloft; temperature; low- RECOMMENDED ACTION: There is a x,eed
level wind shear, to improve the handling of PIREPs in the NAS.

There is also sn urgent need to get automation
DISCUSSION: The need for airborne detection of AIREPs through the implementation and ex-
and reporting of the phenomena listed above is passion of the AMDAR/ACARS systems to au-
acute. Significant improve_,ents to forecasts and tomatically sense and communicate weather data
aircraft sdety cannot be made until the density from aircraft into the weather data base bypassing
and reliability of the data base is increased, two of the current PIREP bottlenecks, pilot and

controllers.
The problems associated with obtaining PIREPs
and AIREPs appear to be focused in communi- RESPONSIBLE AGENCIES: NOAA
cation shortcomings. Since many of the PIREPs

on more hazardous conditions come from pilots ISSUE: There is a need for more accurate tur-
flying under instrument Sight rules, tower and en bulence forecasts. There is aiso a need to forecast

route controllers, rather them FSS specialists dedi- mountain waves. _
cared to PIREPs are the receivers of these reports. _,

Controllers have limited access to the established plSCUSSION: Turbulence and mountain waves
PIREP distribution network. They generally must are essentially mesoscale phenomena and increas-
relay the report orally to someone else in order for ing the accuracy of turbulence forecasts and fore-
it to get into the system. The significace of the cs_ting mountain wave requires:
report is not always readily apparent to a busy

controller. Many times, the pilot provides signifl- Denser, reliable observing network. This
cant weather info_.mation as part of a request for means that airborne sensors with auto-
s change in route or altitude. This is not usually mated reporting, manually relayed PIREPS,
considered as a PIREP by the controller. He may ground based sensors, such as the verti-
keep it locally for his own use, relaying it to others cal proSier, space based sensors (existing
who fly through his area. Most of the data con- and proposed) and existing observations
rained in PIREPs and AIREPs is very perishable must be integrated into a mesoscale net-
and must reach the meteorologist in a tim, ly lash- workof data; and techniques must be de-
ion if he is to make use of it. The PIREP problem veloped or refined to assimulate and use
is -ompounded by the Pilot's apparent reaction to the information.
the ATC system's inability to handle PIREPs ac-
cording to some previous standards. They have,
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!
RECOMM2NDED ACTION: Those pro81"sms forecMts and advisories should t-],_ sdv_nta4_ of
and research leading to fin improved mesmlcaie up- improvements iu the airborne and automated mar-
per air otmer_tion netwGrkmust be continued to face obaenmtion system_.
prove concepts confirm effectiveness, find result in '_
implementation. P,J?_PONSIBLEAGENOII_: FAA, NWS

RZSPONSlBL2 AGBNC128: NOAA 18SUE: There is a need for more sad better _.
weather sensors to obscure msrfaceeon_tious and

ISSUE: There is a need for more accurate fore- upper-,_irphenomenu. _

cants of winds aloft. !;!
_: More accurate find frequent mes-

_: Improved accuracy of winds aloft surements of weather phenomena are required to el
f_,recasting can sisq_ificsatly improve the emcieney support the desired changes in forecast accw'acies, rmt
of operations within the national airspace system, forecasts of phenomena not presently forecasted,
Optimal flight path selection sad improved flow and the operational sstety and efRciency of the
management are directly dependent upon the ac- nations/airspace system.
curacy of the forecast wind information available. /;
The accuracy of winds aloft forecasts is dependent The planned increase in surface obser_tlons •
upon the accuracy, amount sad spatial dktribu- through the implementation of automated sensing
tion of wind measurements find the capabilities of _stems will siguifkantly increase the amount and '_g

the forecast model, qus/ity of surface observations data. The NEXEAD
and terminal NEXRAD prognun will greatly in-

RECOMMENDED ACTION: The moat imme- crease the upper-s/r information data base. How-
diate improvement in the winds aloft data base ever, the areas still not adequately mesmLred are
can be achieved through increasing the number of the winds s/oft, temperatures sad liquid w_ter '
PIREPS and AIFJ_PS in the data base. This can content. There is more than one method to achieve
be done today through the AAILq systems, gv- some of these measurements. Development and
ely effort should be made to convince operators of implementation of sensors must be accompanied
INS equipped aircraft to participate in this effort by continuing trade-off finalyses to determine proper

to improve the global winds aloft data base. Ira- balance of forecasts model capability, $round-bued ] .provements to the models being used to process sensors and alrcrdt-based sensors.
this data must continue. _'i

I_COMMENDED ACTION: Development and
_t_:SPONSIBL._j_LC_.: NOAA, NWS, FAA, implementation of the NEXRAD, terminal NEXEAD
NASA find other world meteorological authorities, find automated sudace sensors should continue as tPRIORITY: 1 a high-priority program. Development of suitable

ground, sir find space-based upper-wind temper- _ ,_,
atures and liquid ws_.r content sensors mhouldbe

ISSUE: There is a need for more accurate short- given priority. Trade-off ans/yses should be car-
term forecasts, tied out in parallel.

]__j_: B the increased airborne reports RF_pONSlBLE AO2Ncn_g: NASA, NOAA
iuue is resolved, an improved data base on which
to base in-flight advisories and short-term fore-
casts will exisL In this event, existing detailed sd- ISSUE: There is a need for more accurate aircraft
visories from center weather service units (CWSU) icing forecasts.

will be improved. Automated surface observa- _: Aircraft icing is a high-percentage
tious, frequently updated, will also provide au ira- fatal s,dety hasard. More accurate icing forecasts
proved data bsae for 0 - l_l-hour en route find arcs are required to minimise this hasard.
forecasts.

More information on the physical properties
RECOMMENDED ACTION: The requirement of clouds is needed before a siguificsat improve-
for tiny additions/"Short-Term" forecasts should ment in icing forecasts csa be res/ised. The FAA's
be explored and defined. Existing °Short-Term_

current icing characterisation and certification pro-
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grams could also a_eet the content and utility of and low-level wind shear advisory systems and the
icing forecasts by requiring that liquid water con- many other atttomated semor systems in the de-
tent be specified, velopmeut stag,'s. These data cannot be manually

sampled as in the past with the paper teletype.
RECOMMENDED ACTION: Cloud physics stud- Most will be lmaeen in a computer data base tmtil
ies should be emphasited and work should proceed requested or automatically retrieved when certain
on developing methods for measuring the liquid weather parameter limits are exceeded. This ex.
water content of clouds. These data must then be plosiou of meteorological information will require
communicated in a timely fashion for use as input user friendly software, powerful processors, and a
to icing forecasts and modeling efforts, rommunieations sytems that will be reponsiw..

RESPONSIBLE AGENCIES: NOAA, FAA, NASA RECOMMENDED ACTION: A system must be
developed so that the users of meteorological in.

ISSU2: The need for eurrx,nt weather informs- formation have available to them the most current
tion by operators, users, and supportin_ meteo- pertinent information. These users include pilots,
rologists, coupled with the expected increases in _ontrollers and meteorologists all associated with
available data will require an improved communi- the national airspace system. The system must be
cations capability, able to exchange alpha-numeric and graphic data "

in a timely fashion and be available on r_quest to
DISCUSSION: Aviation weather observations, pilots. All meteorological information within the
both surface and airborne, will increase by many national ainspace system should be shared and dis.
orders of magnitude in the near future. Examples tributed by all.of these voluminous observations are manifested in

the approximately 1,000 automatic weather obser- RESPONSIBLE AGENCIES: FAA, NWS
vation systems, NEXRAD doppler radar network

COMMITTEE: ATMOSPHERIC ELECTRICITY
AND LIGHTNING

CHAIRMAN: ROBERT FEDDES

MEMBERS:
RICHARD CALE
NORMAN CRABILL
MAJ. ROBERT KOROSE

JEAN T. LEE ,.

What we did in the Atmospheric Electricity and DISCUSSION: Many usen, both in aviation and
Lightning Committee, was to meet with all five other concerns, could benefit from timely and stan-
committees and came up with five action items, dardi_.edconsolidated data presentations. The NWS
It is quite interesting to note that without con- western region has begun consolidating and pre-
suiting the 1979 report, we had exactly the same senting BLM lightning information on the AFOS
items. That is rather interesting, and based on system. Results appear promising and accurate.
that report, and the activity that has been taken This eouid possibly be _lapted as a model for a
since that report, we prioriti_.edour items accord- nationwide communication and dissemination sys-
ingly. Throughout many of the committees with tern.
which we met, support to research seemed to be
the main theme. RECOMMENDATION ACTION: Continue to de-

velop a_adevaluate the NWS western region's cob
ISSUE: Cloud-to-ground lightning location are lection and display of this information on AFOS.
routinely collected by and for several agencies across Develop a standardized collection and timely dis-
the country. They are not, however, routinely semination system nationwide.
consolidated and made _vailable to all prospective
users.

126

O0000002-TSCIO



, RESPONSIBLE AGENCIES: NWS 2) Research on the incidence of lightning in-
dicates it cannot be attributed to any sin-

PRIORITY: LOW gle type of circumstance or atmospheric
process.

ISSUE: Detection of lightning-strike p,tential on
c-mlmsite aircraft may be desirable. 3) Coordinated sy_t,_m, such as satellite and

ground-based seasons can provide exten-
_t.'11_: The effects of lightning on corn- s;ve synoptic coverage of electrical threat
posits aircraft is generally understood and basic areas on a real-time baals.
lightning hardening schemes have been developed.
However, fleet-wide experience of aircraft with such RECOMMENDED _. Correlate the me-
structures in liglqtniug-strike events is needed to teorological recordof damage occurrences with the
fully assess their adequacy. Pending such a_sess- available archives of lightning data to develop pre-
meat, such _ircraft should strive to avoid lightning diction models which may he useful for avoidance
_trikes through detection and avoidance, or, at least, for minimitlng operational hazards

associated with atmospheric electricity. Separate
RECOMMENDED ACTION: Develop suitable fixed wing and helicopter.
in-Hight probability-of-strike instrument for use in
reducing the number of direct strikes to ,uch air- RESPONSIBLE AGENCIES: PAA, NASA, DOD.
craft.

PRIORITY: MEDIUM
R..ESPONSIBLEAGENCIES: FAA, NASA, DOD

ISSUE: To understand the lightning mechanism:
PRIORITY HIGH characterization of lightning at all levels and deter-

mine its effect on composite aircraft of the future.
ISSUE: Lightning at unmanned _irfielde and the
effect on ground operationz and tratli¢ is a prob- _: Some information is being deter-
lea. mined by the continuing research into the charac-

terisation of lightning. The research should be fo-
DISCUSSION: The need for lightning detection eused on determining and understanding the cause .
on unmanned airfields would be an aid to sen- of lightning. The current programs underway ap-
eral aviation. Some type of instrumentation to pear to be addressing the major issues.
determine lightffmg activity would be helpful and
a method to distribute the information would be Collection of data must be increased from the var.
needed. The equipment should be able to provide ions available sources and appliealtion of this data
both direction and distance of strike information, to determine effects on composite materials and

Cost of the program would have to be modest, digital systems eontinlted. • _..

RECOMMENDED ACTION: Investigate the fen- RECOMMENDED ACTION: Continued empha-
sibility of incc qrating lightning detection equip- sis should be placed on understanding the impact
ment into proposed automated weather observing of lightning ozLcomposites and digital systems with
stations (AWOS) to include a communication of simulation models developed to generalise light-
the information in real-time to the user. nlng effects on new generation aircraft.

RESPONSIBLE AGENCIES: PAA RESPONSIBLE AGEN(]IES: NASA, DOD, PAA.

PRIORITY: LOW PRIORITY: HIGH

ISSUE: Interface aspects of atmospheric electric-
ity/lightning and remote detection systems.

I) Statistical analysis indicate that aircraft
structures damage costs due to lightning
strikes are substantial, and in the case of
helicopters, may even be life-threatening.
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(_ONCLUDING REMARKS _

DR. FROST

At thil time in the program, I would like to thank to thank Marshall Space Plight Center in the form
all of you for being here,, amd to call upon the of Dennis Camp and his bosnea for continuing to
variomt m¢'lnl,erJ of our Org_ization Committee support thin _dea, It in a fairly unique thine that a
to see if they have any concluding remarks. I am Space Flight O,enter wui,ld al_port a thlng llke thl,
going to etar_ with Dale _ellay. in aeronautics in NASA. The Organisation _om-

mittee as Charlie has said, does not do an awful
DAN BELLAY lot of work. We send them mo,wy, pat them .n the
I would llke to _ay that before coming here, I wan bark, set up detinitiona as to when we are _oing to
skept;cal at to whether there would he meaning, meet ,rod a few other thin_ like that; otherwise,
ful dialo_,_xe between all of us. 1 come from the the rent is done by Walt _ Dennis. I have to
Navy, _,,,! we are austere when it comes to travel thank Linds for her smiling attitude and getting
tunda; therefore, this concern was in the buck of thinD done. I did make a comment to Tom Oen_

_y head. However, having been here. I truly as- and Bill Day to pass on to Dan Sowa cur be_t _iknowledge that this is a productive way f_r peo- regards for his recovery in his health. We would
pie in industry, research, operations, and govern- like to get Dan here next year before he retires. '

ment to get together and exchange ideas. Even I think the workshop always is productive. We
a more fundamental note is just the exchanging are going t,_ put together a little fact sheet that
of inform,_tion with people for further dialogue to egplsine the definition of some of the acronyms.
continue throughout the years. I have been pleas- Each agency should write up something outlining
antly surprised and hope that, perhaps_ next year what will be done in the areas of interest in each of

I can also attend. Thank you. these groups. Then to reflect on those fact sheets
what we heard out of this workshop. They would

DR. FROST help us in being more productive here. Many of
I would like to ask Charlie Sprinkle from NWS if these programs have come a long way, and we want
he would make a few concluding remarks, to be aware of the updates on these things.

CHARLIE SPRINKLE

Thank you, Walt. A lot of us have been here since Many factors are not represented here this year '
Sunday and we are fiat-out tired. I don't think you that should be. We hope to get more attendance
work many places as hard as you do here, where from general aviation committees, such as corn-
you go 12, 14, or 16 hours a dt.y. But, like Walt puters, the small aircraft manufacturerA, GJdVlA,
says, if you are not working, what would you do? AOPA, etc. We need to keep this in mind to get
So, very quickly, I would like to thank all of 7ou these people her_. The National Science Found-

who have attended, for your attention and hard tion should be represented here. We also need il]

work during these sessions. I think it was very to do a better job of looking at the meteorologi- ' _..,
productive. I would also like to thank all of the col data to see what we are doing wrong within
people behind the scenes, especially the gale who ova' aviation systems from a meteorology point of
did the viewgraphe very hurriedly this morning, view. We should have a task on this next year.
and for all of Wall's and Dennle's efforts. They We need to take a better look at the use of Safety
are the ones who do almost all of the work. The Board data; i.e., the aviation safety reporting sys-

tem. There are about 25,000 reports and a goodOrganisation Oommitte members who are away
from here have very limited input into this; but chunk of those are weather related, rind the loci-
we do try to help. A special thanks to Linda Her- dents are forecasters of potential accidents. We
shman, who outdoes herself each eatd every year in should have some sort of paper written before the
helping us all ease into here and ease out. Thank fact to describe the weather problems we are now
you, Wall seeing either as incidents or accidents. We could

do that on an international level if we were real

DICK TOBIASON clever, to echo one of Bob Seralht's ideas. I would

Obviously, we want to thank Walt, Linda, the like to recogai_e our three friends from Australia,
Dean, and everyone who works very hard here at who have our Americas Cup. Some of us are go-
UTSI to put this on. I think Walt does more of the Lug to some down and talk to you next March,
agenda del_mltion than anyone else. We also want because you have indicated an interest in puttivg
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on some sort nf workshop like this, and we would DR. FROST
be delighted to come dc_wn _d help you. Dennis ]fi terr.s of whore we gf_ fro., here, we wi_l t_k','_
and Walt are also perfect attendee., along with the various l'q_r_._which the C_._raittee (]h_firmvn
Bill Melvin, Jim Luers and And7 Yat_, We have have flll_d out,, _d along ._ith theme,r_r_.u'dedse_-
enjoyed this, and feel it h_ been very'productive, _ious, which wilt he tr_J_'rii,cd, w_ will b,_gin t,_
once again, put the procc'efliuga t_i_thel', We c,.rtaixdy hn_e

to have the lm.:,:eding_ _.tt n,a,'h so_,uer this ye_,r

DR. FROST than we did l_t y,,ar. I w,mht l;ke t- ask Linda
Before D*nnis comes up here, I would like to ask if r,h¢ has any r:omt,ents t,_ m_ke tr._the gro,tp hx
Ms, my if he hu any comments to make7 terms ol helpint_ _',a_,tt_, g_,tthe prot'reding, rcr_ly?

I fouvd that LilMtt ts such a trt:_'l_e_dt_,s publiv
gMANUEL BALLENZWEIG speaker, I am g,,io_ _'_ l,.t l_er ,h_ i_ _ll m the fu.
The Office of the Federal Coordinator for Mcteo. tues.
rologT is very glad to have had the opport_mity to
tteip sponsor tl_is m_ting as well as participate, LINDA HERSHMAN

The interaction between the vario,_s groulas was Once again, I must t_I] you what a ph:a_ur,' it is
great, As was mentioned, I think some ofthe best to work with such a cos'to,ms _xudhelpfu| group
interaction occurred in smaller group_ that were during this workshop. I df:a't kno_ exactly what
not established by Walter and company, in _,tting Dr. Frost has _tut_lly co_ercd, but anyone w'ho
things up. I do not think that the interaction is has had anything at all to _y _t this workshop: I
over yet because we did not get a chance tn discuss would like a written copy of it. ff you have pre-
the comments, issues, and recommendations that pared any reports, I also ne..-d ropie_ of tho_e_ _:
were presented today. I would like you all to go well as copies of vi_wgraphs c_ed in your prcseu.
home and review this, and if you have any tom- rations or any other material of importaz_ce, such
ments, pleas send them to Dr. Frost nr Dennis as slides, photographs, etc. I wi|] have your group
Camp. I am sure that it will be helpful and help photographs mailed out to you _ soov. _s they
shapes the proceedings. Th_uk you _11. are reproduced. You have been a terriftc gr_,up, as,

DR. FROST usual. These are three very exciting day_ ia m_/

Dennis, would you like to make a few comments year, and I thank you for them.

at this point? DR. FROST

DENNIS CAMP Well, that brings us to a close. I was plea_ed with

I would like to comment on something Dick just the new approach of udug forms for the Chtfirmea ',

mentioned, and something we do intend to do this to fill out. If you have any comments _n how we i
time. We want to get out a summary of at least might improve those, we would be glad to he_
the Committee Chairmen's Reports to ear.h of you them. We do need the small aircraft maaufactm'. !_,
within a very short period of time. It will be in era here as well as helicopter people and corporate
a draft form to let you see what was discussed, airlines. Although we have some repre.sentation ha
Some of the Chairmen made comments that they that area, we would like more. It is act because
did not present all of the recommendations, so I we didn't try. We made many contacts, but have
am sure that you will be interested in seeing the not been too successful _u getting them here. I
others. The full proceedings we hope to have out think we will get very good _upport now fro_u the
q_ficker this year, and that is the reason we tried Coast Guard through Mona Smith, who told me
to go with a format on the Committee Chairmen's he was impressed with the workshop and would be
Reports. This is something we want to have in as sure we had better representation from the guys
good and concise manner as we can. The comment :hat fly in that terrible weather off the coast, in
that I geucrdly make at the close of the workshop Alaska, and in plates like that.
and will make at this time is: If you have some
bed remarks you would like to make about the Well, it is getting late and I don't want to spend
workshop, make them to me or Dr. Frost; if you any more of your time. I do want to thank all ,f

have good remarks, spread them around to every- yon for coming to the workshop. A lot of people
one you can. Thank you, because without you this have been favorably impressed with the workshop
workshop would have bees a failure, and have made very kind comments to us; but you

must bear in mind that it i_ your expertise we uti-
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-lize in making this successful. What you are really and this workshop IIivea ue an opportunity to dia-
egjoyipg whelx you come here is the opportunity cues these differences and the needs of each. If

to talk to some of the people who are leaden in you didn't come, we couldn't accomplish this, so ".i
their respective ltelda. ,although mint fields rep- thanks a lotl
re_ented are similar, each perspective _ different,

i
t

1
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APPENDIX A
LIST OF ACRONYMS

ACAR ARINC Communications Add- APU Au_liary Power Unit

reuing and Reporting System ii1
ARF Aviation Route Forecast

ADI Attitude Display Indicator
ARINC Aeronautics] Radio Incorpor-

ADAP Airport Development Aid Pro- ated Comm'unications System i_

gram ARSR Air Route Surveillance Radar
ADP Advanced Development Program

ARTCC Air Route Truffle Control _
AEDO Arnold Engineering Development Center ii

Center

ASD Aeronautical Systems Division _:_
AEH Atmospheric Electricity Hazards ,_

ASDAR Aircraft/Satelllte Data Relay
AEHP Atmospheric Electricity Hazards

Protection PSI Airspeed Indicator

AFFDL Air Force Flight Dynamics ASR Airport Surveillance Radar .._
Laboratory q_,

ATA Air Transport AsBoclation
AFGL Air Force Geophysics] Labor-

story ATC Air Trafnc Control

AFOS Automation of Field Operations ATIS Automatic Terminal Information :;_
and Services Service

AFTN Aeronautics] Fixed Tele- AVRADCOM Arm} Aviation Research and i

communications Network Development Command _ '

AFWAL Air Force Wright Patterson AWOS Automated Weather Observation :IV

Aeronautics] Laboratories System i ,

!AGL Above Ground Level AWP Aviation Weather Pros-_,or

AIM Airmen's Information Manual AZRAN Azmuth and Range ,- q.,,

AIRMET Airman's Meteorological Infor- BA British Airways i
mation '_

BFG B.F. Goodrich
ALPA Air Line Pilots Association

BLM Bureau of Land Manag_ment _!

ALWOS Automatic Low-cost Weather
Observing System BSM Bsck-Scatter Meter _

AMDAR Aircraft Meteorologlcs] Data CAT Clear Air Turbulence
Relay

CCOPE Cooperative C_nvective Prccipi-
ANGB Air Nations] Guard BMe ration Experi,,aent

AOPA Aircraft Owner_ and Filots CDC Control Data Corporation
Association

CDI Course Direction Indicator
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CFCF Central Flow Control Facility DOT Department of Tra_port_tion

CG ATIS Computer Generated Automatic DR Dead Reckoning
Terminal Information Service

DSD Drop Size Distribution ,i
CGI Computer C-enerated Imagery

DUAT Direct User Access Terminal
CHI Cloud Height ludica_or

EDF Exploratory Development Facility
CNRC Canadian National Research

Council BFAS En Route Flight Advisory Service

CONUS Conth)_ntsl United States BFWAS En Route Flight Weather Advisory
Service

COSPAP. Committee on Space P_seareh
i_A Environmental Protection Agez.cy

CRREL Cold Regions Research and
Engineering Laboratory ERL Enviz_nments] Resesarch Labor-

story
CRT Cathode Ray Tube

ETABS Electronic Tabulator Display
_' CSIS Centralized Storm Information System

:' System
" EWEDS En Route Weather Dkplay System

CSU Colorado State University
: FA Area Forecast

CW Continuous Wave
FAA Federal Aviation Administration

CWA Center Weather Advisory i
FAR Federal Aviation Itet_lation

CWP Center Weather Processor

FBO Fixed Base Operation ,
CWSU Center Weather Service Unit i

FL Flight Level _
DABS DiKrete Address Beacon System !

FSDPS Flight Service Data Pro- r
DABS DL Discrete Address Beacon System eeMing Systems •

Data Link
FSF Flight Safety Foundation

DBV Diagonal Breskin_ Vehicle
FSM _orward-Scatter Meter

DC Direct Current
FSS Flight Service Station

DFC Dktin_hed Flyi_ Crou
FT Terminal Forscast

DMSP Defense Meteorologicsl Satellite
Program GAMA General Aviation Manufacturers

Association
DNA Defense Nuclear Agency

GASP Global Air Sampling Program
DOC Depsrtment of Commerce

GE General Electric
DOD Department of Defense

GEM Generalised Exponential Markov
DOE Department of Energy
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i' GMT Greenwich Mean Time JPL Jet Propukion Laboratory

GOES Geostationary Operational JSPO Joint Systems Program O_lce _,
Envlronmenal SatelUte

LaRO Langley Research Center
GPS Global Po0itionlng Systema

LATAS Luer True Airspeed System
GWD Global Weather Dynamics

L/D Lift-to-Drag
HIFT Helicopter Icing Flight Test ..

LDV Laser-Doppler Velocimeter
HISS Helicopter Icing Spray System

LFM Limited Fine Mesh
HIWAS Hazardous In-flight Weather

Advisory Service LLP Lightning Location and
Protection, Inc.

HUD Heads-Up Display
LLWS Low-Level Wind Shear

IAF Initial Approach Fix ._
LLWSAS Low-Level Wind Shear

i IAS Indicated Air Speed Alert System

IATA International Air Transport LORAN i,ong-ltange Navia_tion
Association

LPATS Lightning Position and
ICAO International Civil Aviation TeackingSystem

Organization
LSA Leue_ Service A

ICS Intercommunication System ILWC Liquid Water Content
IFR Instrument Flight Rules

MARS Microwave Atmospheric ;
ILS Instrument Landing system Remote Sensor

IMC Instrument Meteorological MCIDAS Man-Computer Interactive j
Conditions Data System 4

INS Inertial Navigation System MDA Minimum Decision Altitude

IRT Icing Research Wind Tunnel MERIT Minimum Energy Routes
using Interactive Techniques

IVRS Interim Voice Response
System MLW Maximum Landing Weight

JAWOS Joint Aviation Weather MSFC M_rshall Space Flight
Observation System Center

JAWS Joint Airport Weather MSL Mean Sea Level !
Studies

MTOW Maximum Take-Off Weight
JDOP Joint Doppler Operational

Project MVD Median Volume Diameter

JFK John F. Kennedy Airport NACA National Advisory Oommittee
on Aeronautics
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NADIN National Airspace Data NTSB Nati, ,,,l Tra_portation
Interchange Network Safe_f Board

NAS Naval Air Station NWS National Weather Service

NASA National Aeronautics sad OAT Outsid_.Air Temperature
Space Admix_istration

OFCM Omee of the Federal r,o.

NASNET National Airspace System ordinator for Meteorology
Network

OWRM O. of Weather Research

NASP National Airspace System and Modification
Plan

PATWAS Pilot Automatic Telephone

NAVAIDS Navigational Aids Weather Answering Service

NB Nanobars PDP Program Development Plan

NBAA National Business Aircraft PIREP Pilot Report
Association

j PIRM Pressure Ice Rate Meter

1 NCAR National Center for
_ Atmospheric Research PMS Particle Measuring Systems

i NEXRAD Next Generation Weather PROPS Prototype Region_] Observ_
: Radar tion and Forecast System

NHC National Hurricane Center PSBT Pilot Self-Briefing
Terminal

NHRE National Hail Research
Experiment PVD Plan View Dkplay

NM Nautical Miles P,AA Regional Airline AJ_iation

NMC National Meteorological Center RAE Royal Aircraft Establishment

NOAA National Oceanic and Atmos- RCO Remote Controlled Observations
pheric Aaministration

R&D R-.search and Development

NOTAM Notice To Airmen
RE&D Research, Engineering, and

NPRM Notice of Proposed Rule- Development
Malting

RMS Root.Mean-Square

NRL Naval Research Laboratory
R&T Research and Technology

NSF National Science Foundation
RRWDS Radar Remote Weather

NSSFC National Severe Storms Display System
Forecast Center

RSRE Royal Signals and Radar

NSSL National Severe Storms Establishment ;
Laboratory

RVR Runway Visual Range
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BAR Synthetic Aperture Pa_lar USCG United States Ccut Guard

SD Storm Detection UTSI University of Tennessee .|
Space Institute _i

SERf Solar Energ7 ReAeareh
Institute UWS United Weather Service :_

SESAME Severe Environmental Storm VAS VISSR Atmospher;e Sounder ,
and MesoKale Experiment

VFR Visual Flight Rules :
SIGIt_T Significant Meteorological

Advisory VHF Very High Frequency -

SST Supersonic Transport VISSR Visible and Intraced Spin ,,/
Scan Radiometer

STOL Short Takeoff and Landing
VMC Visual Meteorological Condi-

SVR Slant Visual Range tions . _
•,L II

SWAP Severe Weather Avoidance VOR VHF Omnidirectional Radio ".
k

!
TAS True Air Speed VRS Voice Response System ,,

TASC The Analytical Sciences VS/EPA Vertical Speed/Energy
Corporation Rate Indicator

TCV Terminal Configured Vehicle VSI Vertical Speed Indicator ,_

TIDS Terminal Information Display VS/ERI Vertical Speed/Energy _ ,
System Rate Indicator ._

TOMS Total Ozone Mapping Spec- WAVE Wind, Altimeter, and Voice .|

trometer Equipment ._
TRACON Terminal Radar Approach WBRR Weather Bureau Remote Radar

Control Facility _ '
WFC Wallops Flight Center _

TRIP Thunderstorm Research Inter-
national Program WMO World Meteorological Organi-

zation
TSC Transportation Systems Center

WPAFB Wright Patterson Air
TWEB Transcribed Weather Broad- Force Base

cast
WPL Wave Propagation Laboratory

UDRI University of Dayton Research
Institute WSFO Weather Service Forecast

Office
UHF Ultra-High Frequency |

WSI Weather Service International !
UK United Kingdom ,,

WSO Weather Service Office

USAF United States Air Force
WSR Weather Surveillance Radar
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APPENDIX B
ROSTER OF WORKSHOP PARTICIPANTS

Nine ' , Address ......... Teleyh,one Number

D. Neff Allen Systems Msna_r 303/491-8233
Satellite Earth Station
Department of Atmospheric Sciences
Colorado State University
Fort Collins, CO 80593

Stanley T. Aoyagi Director, Flight Opera_ions-Americu 415/697-3933 I
Japan Air Lines I
Suite 128
1818 Gilbreth Road
Burlingame, CA 94010 " 1

Emanuel M. Ballenzweig Asst. Federal Coordinator for 301/443-8704
DOT/FAA Meteorological ARalrs
Office of the Federal Coordinator
for Meteorology
11426 Rockville Pike, Suite 300
Rockville, MD 20852

Alfred J. Bedard Physicist 303/497-650_
NOAA/ERL/WPL
Atmospheric Studies Program Area
RlZlWP7
395 Broadway
Boulder, CO 80303

Daniel 3. Bellay Weather Coordination Program Staff 202/987-0018
Federal Aviation Administration
ADL-15, Room 1015

800 Independence Ave., S.W. _,
Washington, DC 90591

John H. Bliss Captain-Plying Tigers-Retired 213/831-1813
2740 Graysby Avenue
San Pedro,CA 90739

Joseph R. Bocehieri Meteorologist 301/763-8088
National Weather Serviee/DOC/NOAA
World Weather Building, Forecast Off.,
Room 302
Camp Springs, MD 20233

RolandL. Bowles Aero-Spsce Technology 804/865-3621
MS 156.A
NASA Langley Research Center
Hampton, VA 23666
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Name Address Telephone Number _

C. Leo Boyd President 615/239-8373
CLB Associates, Inc.
210 Wilmont Drive
Kingaport, TN 37663

Steven J. Brown Director: Course Development _01/695-2179
AOPA Air Safety Foundation
42! Aviation Way
Frederick, MD 21701

David C. Burnham Physicist 617/494-2831
USDOT T_.ansportation Systems Center
DTS-$2, Kendall Square
Cambridge, MA 02142

,i Chris W. Busch Preaident 714/549-847T
Spectron Development LEooratories, Inc.
3303 Harbor Blvd., Bldg. (]-3
Costa Mesa, CA 92626

Richard E. Csle Certified Consulting Meteorologist 213/926-6149
ERA Services, Inc.
P. O. Box 366

Cerritos, CA 90701 t

Dennis W. Camp Program Manager 205/453-2087 ,
Atmospheric Sciences Division
ED42

Systems Dynamics Laboratory
NASA Marshall Space Flight Center, AL 35812

Warren Campbell Aerospace Engineer 205/453-1886

Systems Dynamics Laboratory ,_ _
ED42
NASA Marshall Space Flight Center, AL 35812

Fernando Car_'.ena Physicist 303/497-6269
NOAX/.RL
325 Broadway

, Boulder, CO 80303

Edward M. Carlstead Chief, Forecast Div. 301/763-8096
National Meteorological Center

:. NOAA/NWS
_ Washington, DO 20233
,t

_! C.L. Chandler Manager, Weather Analysis 404/765-6478

_! Delta Airlines, Operations Center-Flight Control

, Atlanta, GA 30320
I
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Ns_ne Address Telephone Number
1

Ho-Pen Chanl Graduate Research Amsktsnt 615/465-0_31
AtmomphericScience Division x 309 ,i
The University of Tennessee Space Institute
'l_llshoma, TN 37388-8897 "i

Don Cornwall Captain-Delta Airlines 713/367.4024 !
ALPA
_O Goldthread Court ,I
Woodlsuda, TX 77381

v_

Norman L. Crabill Head, Special Projects Omce 804/865-3274 /
Low Speed Aero Division
NASA Langley Research Center
Hampton, VA 2_65

#

Bob Crowder Deputy Director(Services) 03-669-4217
Bureau of Meteorolory (Australia)
Bc_ 1289K GPO Melbourne
Australia 3001

Loni Czek_ski Technical Program Manager 609/484-4009
FAt. Technical Center x 4144
ACT-340, Bldg. 201

Atlantic City, NJ 08405 ,_

William R. Day Captain 612/726-2e09 +_
Northwest Airline Flight Training @
MS-700

Minneapolis/St. Paul Int'l. Airport

Richardson Decker InCl. Aviation Meteorologist 301/439-3600 i_

National Weather Service
W/OMI3X2 _
806013thStreet

_ilverSpring,MD 20878

Richard Doviak Manager, Do,_plerRadar and Store Electricity 405/360-3620
Research
NSSL
1313 Halley Circle
Norman, OK 73069

Capt. Daniel R. Dumont USAF, Staff Meteorologist 513/255-5496
Flight Dynamics Lab
AFWAL/WEF !
Wright Patterson AFB, OH 45433

AnthonyF.Durham Director,NEXRAD JSPO 301/427-7370 i
NationalWeatherService
8060 13th Street i

Silver Spring, MD 20951 t
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_qsane Addrgu Telephone Number

Js_m_ C. Dsiuk Manager, Weather Coordination ProKr_mStaff 202/2S7-0018
Federal Aviation Administrstiou
800 Independence Ave., S. W.
WasbinKton, DC 20591

L. J, EhernberKer Enlineer/Atmo.pheric Enviroument S06/2_8-3311
NASA Ames PaeleacehCenter x 3699
Dr/dr a Flight Research Center
Box _73
Edwards, C,,A93523

Kim Elmore Support Scientist, JAWS Project 303/497-8765
NCAR
ATD/JAWS
P. O. Box 3000
Boulder, CO 80307 ' I

I
I

Bemacd Etkin Professor ot Aerospace Engineering 416/_67-7739
Institute for Aerospace Studies
University of Toronto
4925 Dufferln Street
Downsview Ontacio
Canada

James Evans Assistant Group Leader 617/$6,%5500
MIT Lincoln Laboratory x 7475
Room V-128, P. O. Box 73
Lexington, MA 02172

Lt. Col. Robert G. Feddes Chief Staff Meteorologist 513/255-2209
Aeronautical Systems Division
USAF/DET 1, 2ws
Wright Patterson AFB, OH 45483

Ed Fer_mon Deputy Director, NSSFC 816/374-5922 _,
NOAA/NWS
Federal Building, Room 1728
601 East 12th Street
Kansas City, MO 64106

Dan Fitsjacrsld Scientist 205/453-3104
ED42
NASA M_nshsll Space Flight Center, AL 35812

Robert E. Fritts Vice-President, Air Services 516/684-3470
Purolator Sk7 Courier
3333 New Hyde Pacx Road
New Hyde Pack, NY 11042

Sepp Froeschl Supervisor A.E.S. CMQ 614/333-3070
D,O,E.-AES Canada
100 Alexis Nihon

_, St. Laurent, (_uebee
Canada

I
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l_ame Address Teleuhone Number

Walter Frost Director 615/45FI.06M
Atmospheric Science Division x 217
University of Temwuee Space Institute
Tullahomr., TN 37388-8897

Bnlc,. " Gary Member Technical Stall' 213/354.3198
Calteeh/Jet Propulsion Laboratory
T1182; JPL
Pasadena, CA 01109

Thomas H. Oens Captain, Northwest Airlines, Inc. 715/772-4460
RFD 2

Spring Valley, WI 54767

Morton Glass Project Scientist 617/861-2946 •
Air Force Geophysics Lab-LYC
Hanscom AFB, MA 01731

Kenneth M. Olover Chief, 617/861-4405
Ground Based Remote Sensing Branch

AF Geophysics Laboratory
AFGL (LYR)
Hax_scomAFB, IVlA01731

Nicholas Haas Senior First Officer 01-235-3730

British Airways
Trident Flight, Queens Building
Heathrow Airport
Hotmalcw, England

John W. Hinkelman, Jr. PROFS Program Otlice 303/497-6819
Environmental Research Labs/NOAA
325 South Broadway
Boulder, CO 80301 _

Jerry Holmberg Project Engineer 214/456-8000
SimuFlite Training International, Inc.
P. O. Box 619119

D/FW Airport, TX 75261

John C. Houbolt Chief Aeronautical Scientist 804/865-3216
MS 249

NASA Langley Research Center
Hamilton, VA 23665

K. H. Hu_mg Dirc_tcr ,,f R&D 615/455-1082
FWG Associates, i_.
UTSI Research Park

Rt. 2, Box 271-A, hakewood Drive

Tullahoma, TN 37388
1
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_qa'_te Addres. TeleBhone Number {

Robert lde Electronics Engineer, MS 86-7 216/433-40_0
Army Propulsion Lab x _16tl
Icing Research Section
NASA Lewia Research Center

21000 Brookpark R.e.l
Cleveland, OH 44135

.r{iehard K, Jeck Head, Experimental Cloud Physic_ Section 202/'/67-2437
Naval Research Laboratory
C'odc 4113

Washington, DC 20375

l*a.l W. Kadler Marketing Manager 408/649-4500
Global Weather Dynamics, In¢
240{) Garden Road " i

Monterey, CA 93940 t

John L. Keller Research Meteorologist 513/229-3921 :
University of Dayton Research Institute i'
JPC.201

Dayton, OH 45469 _'¢

Vernon Keller Aerospace Engineer 205/453-0941 !
ED43, Atmospheric Science Division

NASA Marshall Space Flight Center, AL 35812 t

fJohn T. Klehr Meteorologist/Systems Engineer 607/772-4282 .
Link Flight Simulation Division
Singer Company
Dept. 518-H
Binghamton, NY 13902

Lt. Col. Kelly Klein Airspace and ATS Division 202/69?-4399
HQ USAF/XOORF •
Washington, DC 20330 "_

Maj. Robert J. Korose Chief, Aircrew Training Materials 618/256-4643 1
USAF sq AWS/DNTM i
Scott AFB, IL 0222b

William G. (Bud) Layaor Deputy Director ,202/382-6610
Bureau of Technology
National Transportation Safety Board
800 Independence Ave., S. W.
Washington,DC 20594

J. T. Lee Program Coordinator 405/300-3620
Fictional Severe Storms Lab

1313 Halley Circle
Norman, OK ?3069

t'
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Jnme, K. Luert .qeni.r R,,t_arrh Scientist _13/229-3,q21
llnivertity .f DAytnn Retearrh Institute
lrttt,Plfiliidm _rnter, (hdle_e Park Av*',
Dayton, tlH 454_9

li_llg¢'ll¢' ,], M_tck lh, t_l, Atm,mpheric Sci,,!w,,s S,,('ti(m 716/I;31-G782
t'ahl)tut/Arvia (h_rlmrsti(m
B.x 41H)
Butfal-, NY i422_

T_'d F. Ma|h_rlt R_,gion_l Director 404/762.4171
Fli_ht ._tandards "rod Training
Relmbli¢ Airlines
Atlanta International Airport
Atlanta, GA 30214 '_

Charles O. Masters Aerospace Engineer 609/641-8200
FAA TechnicalCenter x 1147
ACT.340

AtlanticCityAirport,NJ 08405

John McCarthy Scientist 303/497-8822
Nati.ualCenterforAtmosphericRcseacch
P. O. Box 3000

Boulder,CO 80307

George F.McDonou_h Director,SystemsDyn_,micsLab 205/453-3014
ED01

NASA MarshallSpace FlightCenter,AL 3581_,

John McKinley SystemsAnalyst 305/968-4200 _'_
SystemsControlTeclmologT,Inc.

2326 S.CongressArc.,Slfite2-A ,_
West Palm Beach,FL 33406

William W. Melvin _,hairman 214/463-1246
Airworthiness and Performance Committee
ALPA
1101 W. Morton

Denison, TX ?5020

Daniel C. Mikkelson Chief Propeller and Icing Branch 216/433-4000
MS86-7 x 6820
NASA Lewis ResearchCenter

21000 Brookpark Road
Cleveland, OH 44136
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N_e Address Teleuhone _un_ber

H. Geoffrey Molloy Captain-Qantu Airways Ltd. 02.669-7583
Flight Operations Department
Kingdord Smith Airport
M_cot, N.S.W.
Australia

Deuui_ W. Newton 3460PrivateRos_lindaConsultant 702/747-6407 i
Reno, NV 89503

Colin Noble Flight Standards 06-267-2259
Department of Aviation (Australia)
P. O. Box 367

Canberra, ACT
Australia 2601

John W. O]cott Editor & Associate Publisher 914/948-1912
Business & Commercial Aviation

Hangar C-1, Westchester County Airport
White Plains, NY 10604

JoAnn Painter President 805/824-2907
JoWen Aviation
P. O. Box 719

Mojave, CA 93501

Weneth D. Pa_4er B-S7B Project Manager 805/258-3311 '

NASA Dryden Flight Research Facility I
P. O. Box 273

Edwards, CA 93501 t

John J. Pappas Manager Meteoro!ogy/Flight Planning 213/646-9267
Western Airlines
6060 Avion Drive '

Los Angeles, CA 90009

Ralph P. Pass Manager 617/944-6850
Design and Analysis Section
TASC

One Jacob Way
Reading, ]VIA01867

Porter J. Perkins Aerospace Engineer 216/433-4000
Coneultant-Aircraft Icing x 6140
Sverdrup Technology, Inc.
21000 Brookpark Road
Cleveland, OH 44135

John Prodan President 605/348-9329
: AVOOi_

t 1100 Kings Road, Suite tl• Rapid City, SD 57702
t
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Name Address Telephone Number

Jeffre 7 Rothermel U.S.R.A. Visiting Scientist 205/453-1944
Atmospheric Science Division
ED42

NASA Marshall Space Flight Center, AL 36812

Gregory D. SMottolo Meteorologist 202/382-6677
National Transportation Safety Board
800 Independence Ave., 8.W.
Washington, DC 20594

Richard L. Schoenman Chief Engineer 206/237-1700
Flight Controls Technology
The Boeing Commercial Airplane Co.
P. O. Box 3707

Seattle, WA 98124

Robert Serafin Director 303/496-8830
Atmospheric Technology Division
NCAR
P. O. Box 3000

Boulder, CO 80807

Glen A. Shaffer Project Development Specialist 214/456-8000
SimuFlite Training International
P. O. Box 611011

D/FW Airport, TX 75066

Robert Skonezny Simulation Engineer 918/622-0700 '
FlightSafety Intemationl
7700 E. 38th Street

Tulsa, OK 74146

CDR Mont Smith Operations Officer 919/336-6149
US Coast Guard
USCG Air Station +_._
Elizabeth City, NC 27909

Charles H. Sprinkle Chief, Aviation Services Br_mch 301/436-3900
=! NOAA/National Weather Service
6, 8060 13th Street

Silver Spring, MD 20910

_ Joseph W. Stickle Chief 804/866-2037
Low-Speed Aerodynamics Division

: MS 246-A

NASA Langley Research Center_- Hampton, VA 23665

James F. Sullivan Weather Watch Manager 412/262-7172
US Air

Greater Pittsburgh Int'l. Airport
Pittsburg,PA 15231 m,
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Name Address Telephone Number

Peter J. Super Specialist Engineer 206/237-4070
The Boeing Commercial Airplane Company
P. O. Box 3707
MS 69-06

Seattle, WA 98124

Lt. Col. Cam J. Tidwell NEXRAD 301/427-7370
Deputy Program Manager/DOD
USAF Wx7
8060 13th Street

Washington, DC 20910

A. Richard Tobiason NASA Program Manager 202/453-2805
Avirtion Safety Technology
NASA Headquarters

_J P,JT-2

! Washington, DC 20646

i-._ Benjamin H. Tollison Aviation Safety Inspector 202/426-3460
Federal Aviation Administration

800 Independence Ave., S. W.
AFO-260

Washington, DC 20591

Michael Tomlinson Domestic A.viation Specilist 301/436-3900
National Weather Service
Aviation Services Branch
8060 13th Street

W/OMI3xl
Silver Spring, MD 20910

LCDR Joseph F. Towers, U.S. Navy 619/437-7101
USNR VR-57, NAS North Island

San Diego, CA 92135

Col. Paul D. Try Director 202/695-9604
Environmental & Life Sciences

Office of the Under Secretary of
Defence for Research and Engineering
Pentagon 3D12-9
Washington, DC 20301

Paul F. Twitchell Assistant Administrator 202/692-2511
Environmental Technology
Naval Air Systems Ccmmand
AIR 330-G

Washington, DC 20361
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Name Address Teleohone Number '._

;c

William W. Vaughan Chief 205/463-3100
i Atmospheric Sciences Division '
, NASA Marshall Space Flight Center
S_ Code ED41
_ Marshall Space Flight Center, AL 36812
r

,_ David J. Vercelli Meteorologist
NationM Weather Service

,_ OSD/TDL
8060 13th Street
W/OSD24, Room 813
Silver Spring, MD 20910

" Frank E. Wencel A_sociate Profeuor 904/2G2-$561 o
Embry Riddle Aeronantical University x 1311

•: Daytona Beach Regional Airport ,:
Daytona Beach, FL 32014

_ Ken Wilk Chief, NWS-IOTF 406/360-3620NEXRAD 3SPO
National Severe Storms Lab
1313 Halley Circle
Norman, OK 73069

Eugene M. Wilkins Staff Scientist 214/372-0515
F_eSystems,Inc. 4

P.O. Box 226118 _ '
Dallas,TX 76080

David E. Winer Manager, FmergTDivision 202/755-9717
Federal AviationAdministration ./
800 Independence Ave., S.W. _a_
Washington, DC 20591 :_

Roctuey Wingrove Research Engineer 415/965-5439 :
NASA Ames Research Center
Moffett Field, C/_ 94036

Andy Yates Captain-747 703/765-7411
United Airliues-Retired or 74_3
7413 Park Terrace Drive
Alexandria, VA 22307

John B. Young Manager-Meteorology 212/995-4693
TWA
Room 335, Hang,_r 13JFKWN
JFK InCl. Airport
Jamaica, NY 11430
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